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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 
ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 
ɢɧɫɬɢɬɭɬ 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɤɚɮɟɞɪɚ 
 
ɍɌȼȿɊɀȾȺɘ        Ɂɚɜɟɞɭɸɳɢɣ 
ɤɚɮɟɞɪɨɣ 
______  ɒɢɦɚɧɫɤɢɣ Ⱥ.Ɏ. 
 ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
« _____»   ________  2017 ɝ. 
 
 
ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɨɥɭɱɟɧɢɹ  
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟ-
ɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɬɟɦɚ 
_22.04.01 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 
ɤɨɞ  ɢ  ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  
22.04.01.03_ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ_ 
ɤɨɞ  ɢ  ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 
 
 
 
 
 
 
 
 
         ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ   ________  ɞɨɰɟɧɬ, ɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ   Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
                                                           ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
 
ȼɵɩɭɫɤɧɢɤ                      _________                                             ɇ. ȼ. ɇɚɥɟɬɨɜ 
                                          ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
         Ɋɟɰɟɧɡɟɧɬ                      ________  _ɧɚɭɱ. ɫɨɬɪ. ɤɚɧɞ.ɯɢɦ.ɧɚɭɤ  ɋ. Ⱥ. Ʉɨɡɥɨɜɚ 
                                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ         ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
 
 
Ʉɪɚɫɧɨɹɪɫɤ 2017 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɆȾ ɩɨ ɬɟɦɟ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɨɥɭɱɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 
 
 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
ɪɚɡɞɟɥɚɦ: 
 
Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ               ______________              Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɇɟɬɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ                      ______________             Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ    ______________             Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɉɯɪɚɧɚ ɬɪɭɞɚ                                   ______________             Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ                ______________             Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
   ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ                          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
 
 
 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                __________                       Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
                                              ɩɨɞɩɢɫɶ, ɞɚɬɚ                                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
 
 
 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 
ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 
ɢɧɫɬɢɬɭɬ 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɤɚɮɟɞɪɚ 
ɍɌȼȿɊɀȾȺɘ        Ɂɚɜɟɞɭɸɳɢɣ 
ɤɚɮɟɞɪɨɣ 
______  ɒɢɦɚɧɫɤɢɣ Ⱥ.Ɏ. 
 ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
« _____»   ________  2017 ɝ. 
 
 
 
ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 
ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ_______________________________ 
             ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
ɋɬɭɞɟɧɬɭ ɇɚɥɟɬɨɜɭ ɇɢɤɢɬɟ ȼɚɥɟɪɶɟɜɢɱɭ  
                                          ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  
Ƚɪɭɩɩɚ ɐɆ 15-06 ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 22.04.01 . 
         ɧɨɦɟɪ                                                                                          ɤɨɞ 
 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ  
                                                                              ɧɚɢɦɟɧɨɜɚɧɢɟ 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɨɥɭɱɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ  
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №  16295 ɨɬ 22.10.2016 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ, ɞɨɰɟɧɬ,ɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ, ɂɐɆɢɆ ɋɎɍ                  
                            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɩɚɬɟɧɬɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɢɫɤ, ɪɟɡɭɥɶɬɚɬɵ 
ɤɭɪɫɨɜɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɞɢɩɥɨɦɧɨɣ ɩɪɚɤ-
ɬɢɤɢ. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ɜɜɟɞɟɧɢɟ, ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ, ɦɟɬɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ, 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ, ɡɚɤɥɸɱɟɧɢɟ, ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ 
______________________________________________________________ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  ɩɪɟɡɟɧɬɚɰɢɹ ɤ ɞɨɤɥɚɞɭ. 
 
 
 
      Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            _________________                 Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ 
                                                                                   ɩɨɞɩɢɫɶ                                  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
 
 
      Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ        __________                 ɇ.ȼ. ɇɚɥɟɬɨɜ 
                                                                                     ɩɨɞɩɢɫɶ                 ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 
 
                                                                                  « ___ » __________ 2017 ɝ. 
 
ɊȿɎȿɊȺɌ 
ȼɵɩɭɫɤɧɚɹ ɦɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬ-
ɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɨɥɭɱɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» ɫɨɞɟɪɠɢɬ 114 
ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 54 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ, 21 ɪɢɫɭɧɨɤ, 30 
ɬɚɛɥɢɰ. 
ɄȿɊȺɆɂɑȿɋɄȺə ɆȺɋɋȺ, ɈɌɏɈȾɕ ȺɅɘɆɂɇɂȿȼɈȽɈ ɉɊɈɂɁ-
ȼɈȾɋɌȼȺ, ɄȿɊȺɆɂɑȿɋɄɂɃ ɄɂɊɉɂɑ, ɋɉȿɄȺɇɂȿ, ɆɂɇȿɊȺɅɂɁȺɌɈɊɕ, 
ȼɈȾɈɉɈȽɅɈɓȿɇɂȿ, ɄȺɀɍɓȺəɋə ɉɅɈɌɇɈɋɌɖ. 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɢɪɩɢɱ. 
ɐɟɥɶ ɪɚɛɨɬɵ – ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɨ-
ɥɭɱɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɋɵɪɶɟɜɚɹ ɛɚɡɚ ɞɟɣɫɬɜɭɸɳɢɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɤɪɚɹ ɨɝɪɚɧɢɱɟɧɚ ɡɚɩɚɫɚɦɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɵɪɶɹ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɫɨɤɪɚɳɟɧɢɟɦ ɡɚɩɚɫɨɜ ɩɪɢɪɨɞɧɨ-
ɝɨ ɫɵɪɶɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɫɬɚɧɨɜɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɯɨ-
ɞɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɵɪɶɟ. 
Ɋɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɨɫɬɚɜɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɞɥɹ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɟɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɯ ɩɨɥɭɱɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɪɚɛɨɬɟ ɭɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɨɬɯɨɞɨɜ ɩɨɡɜɨ-
ɥɢɬ ɩɨɜɵɫɢɬɶ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɜ ɱɚ-
ɫɬɧɨɫɬɢ ɩɨɥɭɱɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɢɪɩɢɱ ɧɚ ɨɫɧɨɜɟ ɫɭɝɥɢɧɤɚ Ʉɭɛɟɤɨɜɫɤɨɝɨ ɦɟ-
ɫɬɨɪɨɠɞɟɧɢɹ ɫ ɩɪɨɱɧɨɫɬɶɸ 30 Ɇɉɚ. 
ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɡɚɦɟɧɟ ɞɟɮɢɰɢɬɧɨɝɨ ɫɵɪɶɹ ɧɚ  
ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɤɚɡɵɜɚɸɳɢɟ ɫɟɪɶɟɡɧɭɸ ɭɝɪɨɡɭ ɡɞɨɪɨɜɶɸ 
ɢ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɸ ɢ ɩɪɢɪɨɞɧɵɦ ɪɟɫɭɪɫɚɦ. 
 
 
6 
 
ɋɈȾȿɊɀȺɇɂȿ 
 
ȼȼȿȾȿɇɂȿ .............................................................................................................. 9 
1 ɅɂɌȿɊȺɌɍɊɇɕɃ ɈȻɁɈɊ .................................................................................. 11 
1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ............................... 11 
1.1.1 Ɍɪɚɞɢɰɢɨɧɧɨɟ ɫɵɪɶɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ........................................................................................................ 11 
1.1.2 Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. .. 13 
1.3 ɉɨɥɭɱɟɧɢɟ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ....................................... 18 
1.3.1 Ɍɟɯɧɨɥɨɝɢɹ ɷɥɟɤɬɪɨɥɢɡɚ ɚɥɸɦɢɧɢɹ........................................................ 18 
1.3.2 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɬɯɨɞɨɜ, ɨɛɴɟɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ....................................... 21 
1.4 ɉɭɬɢ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ............................ 24 
1.4.1 Ɋɚɫɱɟɬ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ .............................................................. 34 
1.4.2 Ɋɚɫɱɟɬ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ........ 35 
2 ɆȿɌɈȾɂɑȿɋɄȺə ɑȺɋɌɖ................................................................................. 39 
2.1 ɉɨɥɭɱɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ .......................................................... 39 
2.1.1 ɉɨɞɝɨɬɨɜɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ .............. 39 
2.1.2 Ɏɨɪɦɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ .......................................................... 39 
2.1.3 ɋɭɲɤɚ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɛɠɢɝ .................................................. 40 
2.1.4 Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɲɥɢɮɨɜ.......................................................... 41 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ... 42 
2.2.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ............................................... 42 
2.2.2 ȼɧɟɲɧɢɣ ɜɢɞ............................................................................................ 43 
2.2.3 Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ .......................................................... 44 
2.3 Ɇɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ ....................................................................................... 44 
7 
 
2.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɚɞɤɢ ................................................................................ 45 
2.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ .......................................................................... 46 
2.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ............................................................... 46 
2.3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ ............................................................... 47 
2.4 ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ........................................................................ 48 
2.4.1 Ɏɚɤɬɨɪɵ ................................................................................................... 49 
2.4.2 ɉɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ........................................................... 50 
2.4.3 ɋɜɨɣɫɬɜɚ ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɢɩɚ 2ɤ ........................... 51 
2.4.4 ɉɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ................ 52 
3 ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇȺə ɑȺɋɌɖ .................................................................... 56 
3.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ....................................... 56 
3.1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ ......................................................... 56 
3.1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ......................... 58 
3.1.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɷɥɟɤɬɪɨɥɢɡɟɪɚ ................................................................................................... 60 
3.1.4 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɷɥɟɤɬɪɨɥɢɡɟɪɚ ................................................................................................... 62 
3.2 Ɋɚɡɪɚɛɨɬɤɚ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ .............................................................................. 64 
3.3 Ɉɩɬɢɦɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɤɢɪɩɢɱɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ................... 72 
3.2.1 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɮɚɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ................... 72 
4 ɈɏɊȺɇȺ ɌɊɍȾȺ ................................................................................................ 85 
4.1 Ⱥɧɚɥɢɡ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɨɬɧɨɲɟɧɢɢ ɜɨɡɦɨɠɧɵɯ 
ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ............................................................................. 85 
8 
 
4.2 Ɏɢɡɢɤɨ – ɯɢɦɢɱɟɫɤɚɹ ɢ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɦɟɧɹɟɦɵɯ 
ɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ............................................................. 86 
4.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ .................................... 88 
4.3.1 Ɇɢɤɪɨɤɥɢɦɚɬ ........................................................................................... 88 
4.3.2. Ɉɫɜɟɳɟɧɢɟ .............................................................................................. 89 
4.4 ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɦɟɳɟɧɢɹ ɢ ɦɟɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ ....... 92 
4.5 ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ ..................................................................................... 93 
4.6 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɨɬ ɜɵɹɜɥɟɧɧɵɯ ɨɩɚɫɧɨɫɬɟɣ .................................. 94 
4.7 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ .......................................................................... 95 
5 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ .......................................................................................... 98 
5.1 ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ ............................................................ 98 
5.1.1 Ɇɚɬɟɪɢɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ........................................................................... 98 
5.1.2 Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ....................................................................... 100 
5.1.3 Ɉɬɱɢɫɥɟɧɢɟ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ....................................................... 101 
5.1.4 ɋɭɦɦɵ ɧɚɱɢɫɥɟɧɧɨɣ ɚɦɨɪɬɢɡɚɰɢɢ ....................................................... 101 
5.1.5 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ..................................................................................... 103 
5.2 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ................... 103 
ɁȺɄɅɘɑȿɇɂȿ .................................................................................................... 107 
ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ............................................ 108 
 
  
9 
 
ȼȼȿȾȿɇɂȿ 
 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɤɢɪɩɢɱ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ Ɋɨɫɫɢɢ. ɋɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɤɢɪɩɢɱɚ ɲɢɪɨɤɚ – ɨɧ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɪɢ ɡɚɤɥɚɞɤɟ ɮɭɧɞɚɦɟɧɬɚ, ɜɨɡɜɟɞɟɧɢɢ ɧɟɫɭɳɢɯ ɫɬɟɧ ɢ ɦɟɠɤɨɦɧɚɬɧɵɯ ɩɟɪɟɝɨ-
ɪɨɞɨɤ, ɞɥɹ ɨɛɥɢɰɨɜɤɢ ɡɞɚɧɢɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɨɬɞɟɥɤɢ. 
ɇɚɢɛɨɥɶɲɚɹ ɞɨɥɹ ɤɢɪɩɢɱɚ ɩɨɬɪɟɛɥɹɟɬɫɹ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɠɢɥɵɯ ɞɨɦɨɜ, 
ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 67 % ɨɛɴɟɦɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɢɪɩɢɱɧɨɝɨ ɪɵɧɤɚ.  
ɉɪɨɢɡɜɨɞɫɬɜɨ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢ-
ɬɟɥɶɧɵɦ ɪɚɫɯɨɞɨɦ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɫɨɤɪɚɳɟ-
ɧɢɟɦ ɡɚɩɚɫɨɜ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɫɬɚɧɨɜɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɯɨɞɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɵɪɶɟ, ɧɟ ɬɪɟɛɭɸɳɟɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. 
ɉɪɢ ɨɛɠɢɝɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟ-
ɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ, ɩɪɟ-
ɞɨɩɪɟɞɟɥɹɸɳɟɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɭɫɚɞɤɭ. ɇɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɩɪɨ-
ɯɨɠɞɟɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɦ 
ɢɧɬɟɪɜɚɥɟ ɫɩɟɤɚɧɢɹ. Ⱦɥɹ ɪɚɫɲɢɪɟɧɢɹ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɢɫ-
ɩɨɥɶɡɭɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɦɚɫɫ, ɩɥɚɜɧɢ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɞɨɛɚɜɤɢ. 
Ȼɨɥɶɲɢɦ ɪɟɡɟɪɜɨɦ ɷɮɮɟɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ ɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫɚɯ ɹɜɥɹɸɬ-
ɫɹ ɨɬɯɨɞɵ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ ɰɟɧɧɵɟ ɦɢɧɟɪɚɥɢɡɭɸɳɢɟ ɤɨɦɩɨɧɟɧ-
ɬɵ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
Ɉɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɟɟ 20% ɨɬ ɜɫɟɯ ɬɟɯ-
ɧɨɝɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɥɸɦɢɧɢɹ ɜ Ɋɨɫɫɢɢ. ȼ 
ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 
ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɬɨɪɵɟ ɭɬɢɥɢɡɢɪɭɸɬɫɹ, ɩɨɞɥɟɠɚɬ ɞɥɢɬɟɥɶɧɨɦɭ ɯɪɚɧɟ-
ɧɢɸ ɢɥɢ ɭɧɢɱɬɨɠɟɧɢɸ. ɏɜɨɫɬɵ ɮɥɨɬɚɰɢɢ ɭɝɨɥɶɧɨɣ ɩɟɧɵ, ɲɥɚɦɵ ɝɚɡɨɨɱɢɫɬɤɢ, 
ɩɵɥɶ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ, ɫɦɵɜɧɵɟ ɜɨɞɵ ɡɭɦɩɮɨɜ ɢ ɲɥɚɦɵ ɝɥɢɧɨɡɟɦɧɨɝɨ ɩɪɨɢɡ-
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ɜɨɞɫɬɜɚ ɩɨɞɜɟɪɝɚɸɬɫɹ ɪɚɡɥɢɱɧɵɦ ɨɩɟɪɚɰɢɹɦ ɨɱɢɫɬɤɢ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ ɧɚ 
ɲɥɚɦɨɜɵɟ ɩɨɥɹ. 
Ɉɬɯɨɞɵ ɞɟɦɨɧɬɚɠɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɷɥɟɤɬɪɨɥɢɡɟɪɚ, ɚ ɢɦɟɧɧɨ ɨɬɪɚɛɨɬɚɧɧɚɹ 
ɲɚɦɨɬɧɚɹ ɢ ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɢ, ɫɤɥɚɞɢɪɭɸɬɫɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɡɚɜɨɞɚ ɜ ɱɟɪɬɟ ɝɨ-
ɪɨɞɚ ɧɚ ɨɬɤɪɵɬɵɯ ɩɥɨɳɚɞɤɚɯ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ: 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɨɥɭɱɟɧɢɹ ɫɬɪɨɢ-
ɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚ-
ɱɢ: 
 ɉɪɨɜɟɞɟɧɢɟ ɩɚɬɟɧɬɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɢɫɤɚ 
 Ⱥɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɝɨ, ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɝɨ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɨɬɯɨɞɨɜ 
 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɲɢɯɬɵ 
 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
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1 ɅɂɌȿɊȺɌɍɊɇɕɃ ɈȻɁɈɊ 
 
1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
 
1.1.1 Ɍɪɚɞɢɰɢɨɧɧɨɟ ɫɵɪɶɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟ-
ɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
 
ɋɵɪɶɟɜɭɸ ɦɚɫɫɭ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɨɛɵɱɧɨ ɫɨɫɬɚɜ-
ɥɹɸɬ ɢɡ ɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɝɥɢɧɵ, ɤɚɨɥɢɧɵ) ɢ ɧɟɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
(ɨɬɨɳɚɸɳɢɯ ɢ ɜɵɝɨɪɚɸɳɢɯ ɞɨɛɚɜɨɤ/ɩɥɚɜɧɟɣ). Ƚɥɢɧɵ ɢ ɤɚɨɥɢɧɵ ɨɛɴɟɞɢɧɹɸɬ 
ɨɛɳɢɦ ɧɚɡɜɚɧɢɟɦ – ɝɥɢɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ. ȼ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟɤɨɬɨɪɵɯ ɢɫɤɭɫɫɬ-
ɜɟɧɧɵɯ ɨɛɠɢɝɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɞɢɚɬɨɦɢɬɵ, ɬɪɟɩɟɥɵ, ɚ ɬɚɤɠɟ ɲɥɚ-
ɤɢ, ɡɨɥɵ, ɫɥɚɧɰɵ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɢɥɢ ɫ ɞɨɛɚɜɤɨɣ ɝɥɢɧ, ɩɨɪɨɨɛɪɚɡɭɸɳɢɯ ɢ ɞɪɭɝɢɯ 
ɞɨɛɚɜɨɤ [15]. 
Ƚɥɢɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɢɯ ɤɟɪɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.  Ƚɥɢɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɨɫɚɞɨɱɧɵɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ ɬɨɧɤɨɡɟɦɥɢɫɬɨɝɨ' ɫɬɪɨɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟɡɚɜɢ-
ɫɢɦɨ ɨɬ ɢɯ ɦɢɧɟɪɚɥɶɧɨɝɨ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɨɫɨɛɧɵ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɫ 
ɜɨɞɨɣ ɨɛɪɚɡɨɜɵɜɚɬɶ ɩɥɚɫɬɢɱɧɨɟ ɬɟɫɬɨ, ɩɟɪɟɯɨɞɹɳɟɟ ɩɨɫɥɟ ɨɛɠɢɝɚ ɜ ɜɨɞɨɫɬɨɣ-
ɤɨɟ ɢ ɩɪɨɱɧɨɟ ɤɚɦɧɟɜɢɞɧɨɟ ɬɟɥɨ. Ɉɛɪɚɡɨɜɚɜɲɢɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɜɟɬɪɢɜɚɧɢɹ 
ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɨɥɟɜɨɲɩɚɬɨɜɵɯ ɩɨɪɨɞ, ɝɥɢɧɵ ɫɨɫɬɨɹɬ ɢɡ ɩɥɨɬɧɨɣ ɫɦɟɫɢ ɪɚɡ-
ɥɢɱɧɵɯ ɝɥɢɧɢɫɬɵɯ ɦɢɧɟɪɚɥɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɜɨɞɧɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ 
ɫɨ ɫɥɨɢɫɬɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢɡ ɧɢɯ 
ɹɜɥɹɸɬɫɹ ɤɚɨɥɢɧɢɬɨɜɵɟ (ɤɚɨɥɢɧɢɬ Al4[Si4O10](OH)8 ɢ ɝɚɥɥɭɚɡɢɬ Al2Si2O5(OH)4), 
ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɨɜɵɟ (ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ (Na,Ca)0,33(Al,Mg)2(Si4O10)(OH)2·nH2O, 
ɛɟɣɞɟɥɥɢɬ (Na,Ca)0.3Al2(Si,Al)4O10(OH)2nH2O) ɢ ɝɢɞɪɨɫɥɸɞɢɫɬɵɟ (ɜ ɨɫɧɨɜɧɨɦ 
ɩɪɨɞɭɤɬɵ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɝɢɞɪɚɬɚɰɢɢ ɫɥɸɞ) [15]. 
ɇɚɪɹɞɭ ɫ ɝɥɢɧɨɨɛɪɚɡɭɸɳɢɦɢ ɦɢɧɟɪɚɥɚɦɢ ɜ ɝɥɢɧɚɯ ɜɫɬɪɟɱɚɸɬɫɹ: ɤɜɚɪɰɵ, 
ɩɨɥɟɜɨɣ ɲɩɚɬ, ɫɟɪɧɵɣ ɤɨɥɱɟɞɚɧ, ɝɢɞɪɨɤɫɢɞɵ ɠɟɥɟɡɚ, ɤɚɪɛɨɧɚɬɵ ɤɚɥɶɰɢɹ ɢ ɦɚɝ-
ɧɢɹ, ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ, ɜɚɧɚɞɢɹ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɢɦɟɫɢ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɢ-
ɦɟɫɢ ɜɥɢɹɸɬ ɤɚɤ ɧɚ ɬɟɯɧɨɥɨɝɢɸ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, ɬɚɤ ɢ ɧɚ ɢɯ ɫɜɨɣɫɬɜɚ. 
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ɇɚɩɪɢɦɟɪ, ɬɨɧɤɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɭɝɥɟɤɢɫɥɵɣ ɤɚɥɶɰɢɣ ɢ ɨɤɫɢɞɵ ɠɟɥɟɡɚ ɩɨɧɢ-
ɠɚɸɬ ɨɝɧɟɭɩɨɪɧɨɫɬɶ ɝɥɢɧ. ȿɫɥɢ ɜ.ɝɥɢɧɟ ɢɦɟɸɬɫɹ ɤɪɭɩɧɵɟ ɡɟɪɧɚ ɭɝɥɟɤɢɫɥɨɝɨ 
ɤɚɥɶɰɢɹ, ɬɨ ɩɪɢ ɨɛɠɢɝɟ ɢɡ ɧɢɯ ɨɛɪɚɡɭɸɬɫɹ ɜɤɥɸɱɟɧɢɹ ɢɡɜɟɫɬɢ, ɤɨɬɨɪɵɟ ɝɢɞɪɚ-
ɬɢɪɭɸɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ («ɞɭɬɢɤɢ»), ɱɬɨ ɜɵɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ 
ɢɥɢ ɪɚɡɪɭɲɟɧɢɟ ɢɡɞɟɥɢɣ [23]. 
ɇɚɢɛɨɥɟɟ ɱɢɫɬɵɟ ɝɥɢɧɵ, ɫɨɫɬɨɹɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɤɚɨɥɢɧɢɬɚ, ɧɚ-
ɡɵɜɚɸɬ ɤɚɨɥɢɧɚɦɢ; ɩɨɫɥɟ ɨɛɠɢɝɚ ɨɧɢ ɫɨɯɪɚɧɹɸɬ ɛɟɥɵɣ ɰɜɟɬ. 
Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɫɜɨɣɫɬɜ ɤɚɤ ɝɥɢɧɚɦ, ɬɚɤ ɢ ɢɡɞɟɥɢɹɦ ɢɡ ɧɢɯ ɜ 
ɝɥɢɧɭ ɜɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɞɨɛɚɜɤɢ. 
Ɉɬɨɳɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ ɞɨɛɚɜɥɹɸɬ ɤ ɩɥɚɫɬɢɱɧɵɦ ɝɥɢɧɚɦ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɭɫɚɞɤɢ ɩɪɢ ɫɭɲɤɟ ɢ ɨɛɠɢɝɟ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɢ ɬɪɟɳɢɧ ɜ ɢɡɞɟɥɢ-
ɹɯ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɞɟɝɢɞɪɚɬɢɪɨɜɚɧɧɭɸ ɝɥɢɧɭ, ɲɚɦɨɬ, ɲɥɚɤɢ ɢ ɡɨ-
ɥɵ, ɚ ɬɚɤɠɟ ɧɟɤɨɬɨɪɵɟ ɩɪɢɪɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ, ɩɵɥɟɜɢɞɧɵɣ 
ɤɜɚɪɰ). Ⱦɟɝɢɞɪɚɬɢɪɨɜɚɧɧɭɸ ɝɥɢɧɭ ɩɨɥɭɱɚɸɬ ɧɚɝɪɟɜɚɧɢɟɦ ɝɥɢɧɵ ɨɛɵɱɧɨ ɞɨ 
600...700ɫɋ (ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɧɚ ɬɟɪɹɟɬ ɫɜɨɣɫɬɜɨ ɩɥɚɫɬɢɱɧɨɫɬɢ). ɒɚɦɨɬ 
ɢɡɝɨɬɨɜɥɹɸɬ ɨɛɠɢɝɨɦ ɨɝɧɟɭɩɨɪɧɵɯ ɢɥɢ ɬɭɝɨɩɥɚɜɤɢɯ ɝɥɢɧ ɩɪɢ 1000... 1400 °ɋ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ ɩɨɦɨɥɨɦ (ɡɟɪɧɚ 0,16...2 ɦɦ) [23]. 
ɉɨɪɨɨɛɪɚɡɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ ɜɜɨɞɹɬ ɜ ɫɵɪɶɟɜɭɸ ɦɚɫɫɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɥɟɝɤɢɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɫ ɩɨɜɵɲɟɧɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɢ ɩɨɧɢɠɟɧɧɨɣ ɬɟɩ-
ɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢ ɨɛɠɢɝɟ ɞɢɫɫɨ-
ɰɢɢɪɭɸɬ (ɦɟɥ, ɦɨɥɨɬɵɣ ɞɨɥɨɦɢɬ ɢ ɞɪ.) ɫ ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ, ɧɚɩɪɢɦɟɪ ɋɈɝ, ɢɥɢ 
ɜɵɝɨɪɚɸɬ (ɞɪɟɜɟɫɧɵɟ. ɨɩɢɥɤɢ, ɭɝɨɥɶɧɵɣ ɩɨɪɨɲɨɤ, ɬɨɪɮɹɧɚɹ ɩɵɥɶ ɢ ɞɪ.). Ɍɚɤɢɟ 
ɞɨɛɚɜɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɸɬɫɹ ɢ ɨɬɨɳɚɸɳɢɦɢ [10]. 
ɉɥɚɜɧɢ, ɞɨɛɚɜɥɹɸɬ ɜ ɝɥɢɧɭ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɡɢɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɟɟ ɫɩɟɤɚɧɢɹ (ɩɨɥɟɜɵɟ ɲɩɚɬɵ, ɠɟɥɟɡɧɚɹ ɪɭɞɚ, ɞɨɥɨɦɢɬ, ɦɚɝɧɟɡɢɬ, 
ɬɚɥɶɤ ɢ ɞɪ.). Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɰɜɟɬɧɨɣ ɤɟɪɚɦɢɤɢ ɜ ɫɵɪɶɟɜɭɸ 
ɦɚɫɫɭ ɞɨɛɚɜɥɹɸɬ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ (ɠɟɥɟɡɚ, ɤɨɛɚɥɶɬɚ, ɯɪɨɦɚ ɢ ɞɪ.) [11]. 
ȼ Ʉɪɚɫɧɨɹɪɫɤɨɦ Ʉɪɚɟ ɪɚɡɜɟɞɚɧɨ ɢ ɪɚɡɪɚɛɨɬɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɝɥɢɧ, ɫɭɝɥɢɧɤɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚ-
ɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ. ɇɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɹɜɥɹɸɬɫɹ ɫɭɝɥɢɧɤɢ ɋɚɞɨɜɝɨ, Ȼɚ-
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ɞɚɥɵɤɫɤɨɝɨ, Ʉɭɛɟɤɨɜɫɤɨɝɨ, ɒɚɪɵɩɨɜɫɤɨɝɨ ɢ ɉɭɡɵɪɟɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ, ɤɚɨɥɢɧɢɬɨ-
ɝɢɞɪɨɫɥɸɞɢɫɬɵɟ, ɤɚɨɥɢɧɢɬɨ-ɦɨɧɬɦɨɪɢɥɨɧɢɬɨɜɵɟ ɝɥɢɧɵ Ȼɨɥɶɲɟɦɭɪɬɢɧɫɤɨɝɨ 
ɪɚɣɨɧɚ (Ʉɨɧɬɚɬɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ), ɍɹɪɫɤɨɝɨ ɪɚɣɨɧɚ (Ʉɨɦɩɚɧɨɜɫɤɨɟ ɦɟɫɬɨ-
ɪɨɠɞɟɧɢɟ). Ɂɚɩɚɫɵ ɞɚɧɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɫɬɨɳɟɧɵ.  
Ɉɫɧɨɜɨɣ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ ɹɜɥɹɸɬɫɹ ɫɭɝɥɢɧɤɢ. 
ȼɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɝɥɢɧɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɩɥɚɫɬɢɮɢɰɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɟ ɫɬɟɧɨɜɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɪɟɢɚɥɨɜ, ɜ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɫɫɵ ɧɚ ɨɫ-
ɧɨɜɟ ɫɭɝɥɢɧɤɨɜ [34].  
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢ ɭɥɭɱɲɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɬɪɟɛɭɟɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɫɜɨɣɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɛɚɜɨɤ.  
Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɢɰɟɜɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ, ɜ ɫɭɝɥɢɧɨɤ ɧɟɨɛɯɨ-
ɞɢɦɵ ɞɨɛɚɜɤɢ ɭɥɭɱɲɚɸɳɢɟ ɫɭɲɢɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ 
ɬɚɤɠɟ ɜɵɝɨɪɚɸɳɢɟ ɞɨɛɚɜɤɢ, ɦɢɧɟɪɚɥɢɡɚɬɨɪɵ, ɢ ɞɨɛɚɜɤɢ ɭɫɤɨɪɹɸɳɢɟ ɩɪɨɰɟɫɫ 
ɫɩɟɤɚɧɢɹ [10].  
ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɤɚɱɟɫɬɜɟ ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɛɚɜɨɤ ɩɟɪɫɩɟɤɬɢɜɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
 
1.1.2 Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟ-
ɪɢɚɥɨɜ. 
 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɹɜɥɹɟɬɫɹ ɜɵ-
ɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɢɫɯɨɞ-
ɧɨɝɨ ɫɵɪɶɹ.   
Ɉɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɤɥɸɱɚɸɬ: 
 ɩɨɞɝɨɬɨɜɤɚ ɫɵɪɶɹ 
 ɞɨɡɢɪɨɜɤɚ 
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 ɩɟɪɟɦɟɲɢɜɚɧɢɟ 
 ɮɨɪɦɨɜɚɧɢɟ 
 ɫɭɲɤɚ 
 ɨɛɠɢɝ 
ɇɟɫɦɨɬɪɹ ɧɚ ɨɛɲɢɪɧɵɣ ɚɫɫɨɪɬɢɦɟɧɬ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, ɪɚɡɧɨɨɛɪɚɡɢɟ 
ɢɯ ɮɨɪɦ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɜɢɞɨɜ ɫɵɪɶɟɜɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɫɧɨɜ-
ɧɵɟ ɷɬɚɩɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɹɜɥɹɸɬɫɹ ɨɛɳɢɦɢ ɢ ɫɨɫɬɨɹɬ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɰɢɣ: ɞɨɛɵɱɢ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɞɝɨɬɨɜɤɢ ɫɵɪɶɟɜɨɣ ɦɚɫ-
ɫɵ, ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɣ (ɫɵɪɰɚ), ɫɭɲɤɢ ɫɵɪɰɚ, ɨɛɠɢɝɚ ɢɡɞɟɥɢɣ, ɨɛɪɚɛɨɬɤɢ ɢɡ-
ɞɟɥɢɣ (ɨɛɪɟɡɤɢ, ɝɥɚɡɭɪɨɜɚɧɢɹ ɢ ɩɪ.) ɢ ɭɩɚɤɨɜɤɢ. 
Ⱦɨɛɵɱɭ ɫɵɪɶɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɢɚ ɤɚɪɶɟɪɚɯ ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ – ɷɤɫɤɚɜɚ-
ɬɨɪɚɦɢ. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɫɵɪɶɹ ɨɬ ɤɚɪɶɟɪɚ ɤ ɡɚɜɨɞɭ ɩɪɨɢɡɜɨɞɹɬ ɚɜɬɨɫɚɦɨɫɜɚ-
ɥɚɦɢ, ɜɚɝɨɧɟɬɤɚɦɢ ɢɥɢ ɬɪɚɧɫɩɨɪɬɟɪɚɦɢ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɭɞɚɥɟɧɧɨɫɬɢ ɤɚɪɶɟɪɚ ɨɬ 
ɰɟɯɚ ɮɨɪɦɨɜɤɢ. Ɂɚɜɨɞɵ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɩɪɚɜɢ-
ɥɨ, ɫɬɪɨɹɬ ɜɛɥɢɡɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɝɥɢɧɵ, ɢ ɤɚɪɶɟɪ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ 
ɡɚɜɨɞɚ. 
ɉɨɞɝɨɬɨɜɤɚ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɨɢɬ ɢɡ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢɪɨɞɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɝɥɢɧɵ, ɭɞɚɥɟɧɢɹ ɢɥɢ ɢɡɦɟɥɶɱɟɧɢɹ ɤɪɭɩɧɵɯ ɜɤɥɸɱɟɧɢɣ, ɫɦɟɲɟɧɢɹ 
ɝɥɢɧɵ ɫ ɞɨɛɚɜɤɚɦɢ ɢ ɭɜɥɚɠɧɟɧɢɹ ɞɨ ɩɨɥɭɱɟɧɢɹ ɭɞɨɛɧɨɮɨɪɦɭɟɦɨɣ ɝɥɢɧɹɧɨɣ 
ɦɚɫɫɵ. 
Ɏɨɪɦɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɨɝɨ 
ɫɵɪɶɹ ɢ ɜɢɞɚ ɢɡɝɨɬɨɜɥɹɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨɥɭɫɭɯɢɦ, ɩɥɚɫɬɢɱɟ-
ɫɤɢɦ ɢ ɲɥɢɤɟɪɧɵɦ (ɦɨɤɪɵɦ) ɫɩɨɫɨɛɚɦɢ. ɉɪɢ ɩɨɥɭɫɭɯɨɦ ɫɩɨɫɨɛɟ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɝɥɢɧɭ ɜɧɚɱɚɥɟ ɞɪɨɛɹɬ ɢ ɩɨɞɫɭɲɢɜɚɸɬ, ɡɚɬɟɦ ɢɡɦɟɥɶɱɚɸɬ ɢ ɫ ɜɥɚɠɧɨɫɬɶɸ 8-12% 
ɩɨɞɚɸɬ ɧɚ ɮɨɪɦɨɜɚɧɢɟ. ɉɪɢ ɩɥɚɫɬɢɱɟɫɤɨɦ ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚɧɢɹ ɝɥɢɧɭ ɞɪɨɛɹɬ, 
ɡɚɬɟɦ ɧɚɩɪɚɜɥɹɸɬ ɜ ɝɥɢɧɨɫɦɟɫɢɬɟɥɶ, ɝɞɟ ɨɧɚ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɫ ɨɬɨɳɚɸɳɢɦɢ 
ɞɨɛɚɜɤɚɦɢ ɞɨ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɩɥɚɫɬɢɱɧɨɣ ɦɚɫɫɵ ɜɥɚɠɧɨɫɬɶɸ 20-25%. 
Ɏɨɪɦɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɩɪɢ ɩɥɚɫɬɢɱɟɫɤɨɦ ɫɩɨɫɨɛɟ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɥɟɧɬɨɱɧɵɯ ɩɪɟɫɫɚɯ. ɉɪɢ ɩɨɥɭɫɭɯɨɦ ɫɩɨɫɨɛɟ ɝɥɢɧɹɧɭɸ 
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ɦɚɫɫɭ ɮɨɪɦɭɸɬ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɟɫɫɚɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 
ɞɨ 15 Ɇɉɚ ɢ ɛɨɥɟɟ. ɉɨ ɲɥɢɤɟɪɧɨɦɭ ɫɩɨɫɨɛɭ ɢɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɡɦɟɥɶɱɚɸɬ 
ɢ ɫɦɟɲɢɜɚɸɬ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ (ɞɨ 60%) ɞɨ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ 
ɦɚɫɫɵ – ɲɥɢɤɟɪɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɮɨɪɦɨɜɚɧɢɹ ɲɥɢɤɟɪ ɢɫɩɨɥɶɡɭɸɬ 
ɤɚɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɥɹ ɢɡɞɟɥɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ, ɬɚɤ ɢ ɩɨɫɥɟ ɟɝɨ 
ɫɭɲɤɢ ɜ ɪɚɫɩɵɥɢɬɟɥɶɧɵɯ ɫɭɲɢɥɤɚɯ [15]. 
ɋɨɜɪɟɦɟɧɧɵɣ ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɦɩɥɟɤɫɧɨɣ ɦɟ-
ɯɚɧɢɡɚɰɢɟɣ, ɤɨɧɜɟɣɟɪɢɡɚɰɢɟɣ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɷɬɨɣ ɫɜɹɡɢ 
ɜɚɠɧɭɸ ɪɨɥɶ ɨɬɜɨɞɹɬ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɩɪɟɫɫ-ɩɨɪɨɲɤɚ ɜ 
ɪɚɫɩɵɥɢɬɟɥɶɧɵɯ ɫɭɲɢɥɚɯ, ɫɭɳɧɨɫɬɶ ɤɨɬɨɪɨɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɜɦɟɳɟɧɢɢ ɩɪɨ-
ɰɟɫɫɨɜ ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɞɪɨɛɥɟɧɢɹ ɢ ɫɟɩɚɪɚɰɢɢ. ɋɭɲɢɥɶɧɚɹ ɤɚɦɟɪɚ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɰɢɥɢɧɞɪ, ɡɚɤɚɧɱɢɜɚɸɳɢɣɫɹ ɜɧɢɡɭ ɤɨɧɭɫɨɦ, ɤɨɬɨɪɵɣ 
ɫɥɭɠɢɬ ɞɥɹ ɫɛɨɪɚ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ. Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɭɲɢɥɚ 
ɹɜɥɹɸɬɫɹ ɪɚɫɩɵɥɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɩɭɱɤɨɦ ɮɨɪɫɭɧɨɤ ɩɪɢ ɞɚɜɥɟɧɢɢ 
1,0-1,2 Ɇɉɚ ɢ ɫɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜɧɭɬɪɢ ɫɭɲɢɥɶɧɨɣ ɛɚɲɧɢ. Ɉɛɟɡɜɨɠɢɜɚ-
ɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɜ ɪɚɫɩɵɥɢɬɟɥɶɧɵɯ ɫɭɲɢɥɚɯ ɩɨɡɜɨɥɢɥɨ ɜ 3,5 ɪɚɡɚ ɩɨɜɵ-
ɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɢ ɜ 1,5 ɪɚɡɚ ɫɨɤɪɚɬɢɬɶ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 
[14]. 
Ɉɛɹɡɚɬɟɥɶɧɨɣ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɨɩɟɪɚɰɢɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɩɨ ɩɥɚɫɬɢɱɟɫɤɨɦɭ ɫɩɨɫɨɛɭ ɹɜɥɹɟɬɫɹ ɫɭɲɤɚ. 
ȿɫɥɢ ɠɟ ɫɵɪɟɰ, ɢɦɟɸɳɢɣ ɜɵɫɨɤɭɸ ɜɥɚɠɧɨɫɬɶ, ɫɪɚɡɭ ɩɨɫɥɟ ɮɨɪɦɨɜɚɧɢɹ ɩɨɞ-
ɜɟɪɝɧɭɬɶ ɨɛɠɢɝɭ, ɬɨ ɨɧ ɪɚɫɬɪɟɫɤɢɜɚɟɬɫɹ. ɉɪɢ ɫɭɲɤɟ ɫɵɪɰɚ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɫɩɨ-
ɫɨɛɨɦ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɞɵɦɨɜɵɟ ɝɚɡɵ ɨɛɠɢɝɚɬɟɥɶɧɵɯ ɩɟ-
ɱɟɣ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɵɯ ɬɨɩɨɤ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɣ ɬɨɧɤɨɣ ɤɟɪɚɦɢɤɢ 
ɩɪɢɦɟɧɹɸɬ ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ, ɨɛɪɚɡɭɟɦɵɣ ɜ ɤɚɥɨɪɢɮɟɪɚɯ. ɂɫɤɭɫɫɬɜɟɧɧɭɸ ɫɭɲɤɭ 
ɩɪɨɢɡɜɨɞɹɬ ɜ ɤɚɦɟɪɧɵɯ ɫɭɲɢɥɚɯ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɢɥɢ ɬɭɧɧɟɥɶɧɵɯ ɫɭ-
ɲɢɥɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ [14]. 
ɉɪɨɰɟɫɫ ɫɭɲɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ ɹɜɥɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɬɟɩɥɨ- 
ɢ ɦɚɫɫɨɨɛɦɟɧɨɦ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɨɦ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫ-
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ɯɨɞɢɬ ɩɟɪɟɦɟɳɟɧɢɟ ɜɥɚɝɢ ɢɡ ɜɧɭɬɪɟɧɧɟɣ ɱɚɫɬɢ ɢɡɞɟɥɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɢɫɩɚ-
ɪɟɧɢɟ ɟɟ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɭɞɚɥɟɧɢɟɦ ɜɥɚɝɢ ɱɚɫɬɢɰɵ ɦɚɬɟɪɢɚɥɚ ɫɛɥɢɠɚɸɬɫɹ ɢ 
ɩɪɨɢɫɯɨɞɢɬ ɭɫɚɞɤɚ. ɍɦɟɧɶɲɟɧɢɟ ɨɛɴɟɦɚ ɝɥɢɧɹɧɵɯ ɢɡɞɟɥɢɣ ɩɪɢ ɫɭɲɤɟ ɩɪɨɢɫ-
ɯɨɞɢɬ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɟɞɟɥɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɨɞɚ ɤ ɷɬɨɦɭ ɦɨɦɟɧɬɭ 
ɩɨɥɧɨɫɬɶɸ ɟɳɟ ɧɟ ɢɫɩɚɪɢɥɚɫɶ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɤɟɪɚɦɢɱɟ-
ɫɤɢɯ ɢɡɞɟɥɢɣ ɩɪɨɰɟɫɫɵ ɫɭɲɤɢ ɢ ɨɛɠɢɝɚ ɞɨɥɠɧɵ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɫɬɪɨɝɢɯ ɪɟ-
ɠɢɦɚɯ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢɡɞɟɥɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 0-150°ɋ ɢɡ ɧɟɝɨ ɭɞɚɥɹ-
ɟɬɫɹ ɝɢɝɪɨɫɤɨɩɢɱɟɫɤɚɹ ɜɥɚɝɚ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70°ɋ ɞɚɜɥɟɧɢɟ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 
ɜɧɭɬɪɢ ɢɡɞɟɥɢɹ ɦɨɠɟɬ ɞɨɫɬɢɝɧɭɬɶ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɪɟɞɭ-
ɩɪɟɠɞɟɧɢɹ ɬɪɟɳɢɧ ɬɟɦɩɟɪɚɬɭɪɭ ɫɥɟɞɭɟɬ ɩɨɞɧɢɦɚɬɶ ɦɟɞɥɟɧɧɨ (50-80 °ɋ/ɱ), ɱɬɨ-
ɛɵ ɫɤɨɪɨɫɬɶ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜɧɭɬɪɢ ɦɚɬɟɪɢɚɥɚ ɧɟ ɨɩɟɪɟɠɚɥɚ ɮɢɥɶɬɪɚɰɢɢ ɩɚ-
ɪɨɜ ɱɟɪɟɡ ɟɟ ɬɨɥɳɭ. 
Ɉɛɠɢɝ ɹɜɥɹɟɬɫɹ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ȼ 
ɩɟɱɶ ɫɵɪɟɰ ɩɨɫɬɭɩɚɟɬ ɫ ɜɥɚɠɧɨɫɬɶɸ 8-12%, ɢ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɩɪɨɢɫɯɨɞɢɬ 
ɟɝɨ ɞɨɫɭɲɢɜɚɧɢɟ. ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 550-800°ɋ ɢɞɟɬ ɞɟɝɢɞɪɚɬɚɰɢɹ ɝɥɢɧɢ-
ɫɬɵɯ ɦɢɧɟɪɚɥɨɜ ɢ ɭɞɚɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɣ ɤɨɧɫɬɢɬɭɰɢɨɧɧɨɣ ɜɨɞɵ. ɉɪɢ 
ɷɬɨɦ ɪɚɡɪɭɲɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɦɢɧɟɪɚɥɚ ɢ ɝɥɢɧɚ ɬɟɪɹɟɬ ɩɥɚɫɬɢɱ-
ɧɨɫɬɶ, ɜ ɷɬɨ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɭɫɚɞɤɚ ɢɡɞɟɥɢɣ. 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 200-800°ɋ ɜɵɞɟɥɹɟɬɫɹ ɥɟɬɭɱɚɹ ɱɚɫɬɶ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢ-
ɦɟɫɟɣ ɝɥɢɧɵ ɢ ɜɵɝɨɪɚɸɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɝɥɢɧɵ ɢ ɜɵɝɨɪɚɸɳɢɯ ɞɨɛɚɜɨɤ, ɜɜɟ-
ɞɟɧɧɵɯ ɜ ɫɨɫɬɚɜ ɲɢɯɬɵ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɢɡɞɟɥɢɣ, ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɨɤɢɫɥɹɸɬɫɹ 
ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɢɦɟɫɢ ɜ ɩɪɟɞɟɥɚɯ ɬɟɦɩɟɪɚɬɭɪɵ ɢɯ ɜɨɫɩɥɚɦɟɧɟɧɢɹ. ɗɬɨɬ ɩɟɪɢɨɞ 
ɯɚɪɚɤɬɟɪɟɧ ɜɟɫɶɦɚ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪ – 300-350 °ɋ/ɱ, ɚ 
ɞɥɹ ɷɮɮɟɤɬɢɜɧɵɯ ɢɡɞɟɥɢɣ – 400-450 °ɋ/ɱ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɵɫɬɪɨɦɭ ɜɵɝɨɪɚ-
ɧɢɸ ɬɨɩɥɢɜɚ, ɡɚɩɪɟɫɫɨɜɚɧɧɨɝɨ ɜ ɫɵɪɟɰ. Ɂɚɬɟɦ ɢɡɞɟɥɢɹ ɜɵɞɟɪɠɢɜɚɸɬ ɩɪɢ ɷɬɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ ɞɨ ɩɨɥɧɨɝɨ ɜɵɝɨɪɚɧɢɹ ɨɫɬɚɬɤɨɜ ɭɝɥɟ-
ɪɨɞɚ. 
Ⱦɚɥɶɧɟɣɲɢɣ ɩɨɞɴɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 800°ɋ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɜɹɡɚɧ ɫ 
ɪɚɡɪɭɲɟɧɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɝɥɢɧɢɫɬɵɯ ɦɢɧɟɪɚɥɨɜ ɢ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɫɬɪɭɤɬɭɪɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɱɟɪɟɩɤɚ, ɩɨɷɬɨɦɭ ɫɤɨɪɨɫɬɶ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ-
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ɦɟɞɥɹɸɬ ɞɨ 100-150°ɋ/ɱ, ɚ ɞɥɹ ɩɭɫɬɨɬɟɥɵɯ ɢɡɞɟɥɢɣ – ɞɨ 200-220°ɋ/ɱ. ɉɨ ɞɨɫ-
ɬɢɠɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɢɡɞɟɥɢɟ ɜɵɞɟɪɠɢɜɚɸɬ ɞɥɹ ɜɵɪɚɜ-
ɧɢɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɫɟɣ ɬɨɥɳɟ ɟɝɨ, ɩɨɫɥɟ ɱɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ ɫɧɢɠɚɸɬ ɧɚ 
100-150°ɋ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɞɟɥɢɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɭɫɚɞɤɭ ɢ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚ-
ɰɢɢ. 
Ɂɚɬɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ 800°ɋ ɭɜɟɥɢɱɢ-
ɜɚɟɬɫɹ ɞɨ 250-300 °ɋ/ɱ ɢ ɛɨɥɟɟ. Ɉɝɪɚɧɢɱɟɧɢɟɦ ɫɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɝɭɬ ɫɥɭ-
ɠɢɬɶ ɥɢɲɶ ɭɫɥɨɜɢɹ ɜɧɟɲɧɟɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. ɉɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɨɛɠɢɝ ɤɢɪɩɢɱɚ 
ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɡɚ 6-8 ɱ. Ɉɞɧɚɤɨ ɜ ɨɛɵɱɧɵɯ ɬɭɧɧɟɥɶɧɵɯ ɩɟɱɚɯ ɫɤɨɪɨɫɬɧɵɟ 
ɪɟɠɢɦɵ ɨɛɠɢɝɚ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɩɨ ɫɟɱɟɧɢɸ ɨɛɠɢɝɚɬɟɥɶɧɨɝɨ ɤɚɧɚɥɚ. ɂɡɞɟɥɢɹ ɢɡ ɥɟɝɤɨ-
ɩɥɚɜɤɢɯ ɝɥɢɧ ɨɛɠɢɝɚɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900-1100°ɋ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɠɢɝɚ ɢɡ-
ɞɟɥɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɤɚɦɧɟɜɢɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɜɵɫɨɤɢɟ ɜɨɞɨɫɬɨɣɤɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ, 
ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ ɢ ɞɪɭɝɢɟ ɰɟɧɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɤɚɱɟɫɬɜɚ [32]. 
ȼ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ ɩɪɨɢɡɜɨɞɹɬ 
ɧɚ ɡɚɜɨɞɚɯ ɪɟɚɥɢɡɭɸɳɢɯ ɩɥɚɫɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ.  ȼ Ʉɪɚɫɧɨɹɪɫɤɟ ɪɚ-
ɛɨɬɚɸɬ ɞɜɚ ɡɚɜɨɞɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɪɹɞɨɜɨɝɨ ɩɨɥɧɨɬɟɥɨɝɨ ɤɢɪɩɢɱɚ:  ȺɈ «ɋɢ-
ɛɚɝɪɨɩɪɨɦɫɬɪɨɣ», ɈɈɈ «ɉɟɪɜɵɣ ɤɢɪɩɢɱɧɵɣ ɡɚɜɨɞ». Ⱥ ɬɚɤɠɟ ɞɜɚ ɡɚɜɨɞɚ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɥɢɰɟɜɨɝɨ ɤɢɪɩɢɱɚ: ɈɈɈ «ɋɢɛɢɪɫɤɢɣ ɷɥɟɦɟɧɬ», ɈɈɈ «ɋɌɈɍɇ».  
Ȼɥɢɠɚɣɲɢɣ ɤ Ʉɪɚɫɧɨɹɪɫɤɭ ɡɚɜɨɞ ɪɟɚɥɢɡɭɸɳɢɣ  ɫɩɨɫɨɛ ɩɨɥɭɫɭɯɨɝɨ ɩɪɟɫ-
ɫɨɜɚɧɢɹ   ɧɚɯɨɞɢɬɫɹ ɜ ɝɨɪɨɞɟ ɒɚɪɵɩɨɜɨ – ɈɈɈ «ɒɚɪɵɩɨɜɫɤɢɣ ɤɢɪɩɢɱɧɵɣ ɡɚ-
ɜɨɞ». 
Ɍɚɤɚɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɧɚ ɡɚɜɨɞɚɯ Ʉɪɚɫɧɨ-
ɹɪɫɤɨɝɨ ɤɪɚɹ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɭɤɬ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢ ɭɥɭɱɲɟɧɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɸɬ ɲɢɪɟ ɩɪɢɦɟɧɹɬɶ ɟɝɨ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɢɪɩɢɱɚ, ɢɡɝɨɬɨɜ-
ɥɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɩɨɥɭɫɭɯɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ. 
Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɜɵɲɟ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɨɬɨɜɨɣ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ ɜɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ. Ɇɟɬɨɞ 
ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ ɪɚɡɥɢɱ-
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ɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɨɬɯɨɞɵ, ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɨɬɯɨɞɵ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ [19]. 
 
1.3 ɉɨɥɭɱɟɧɢɟ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 
1.3.1 Ɍɟɯɧɨɥɨɝɢɹ ɷɥɟɤɬɪɨɥɢɡɚ ɚɥɸɦɢɧɢɹ 
 
Ⱥɥɸɦɢɧɢɣ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɷɥɟɤɬɪɨɥɢɡɚ ɝɥɢɧɨɡɟɦɚ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɪɚɫ-
ɩɥɚɜɥɟɧɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ, ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɤɪɢɨɥɢɬ. ȼ 
ɱɢɫɬɨɦ ɤɪɢɨɥɢɬɟ Na3AlF6(3NaF · AlF3) ɨɬɧɨɲɟɧɢɟ NaF: AlF3 ɪɚɜɧɨ 3, ɞɥɹ ɷɤɨ-
ɧɨɦɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɢɦɟɬɶ ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɜ 
ɩɪɟɞɟɥɚɯ 2,6–2,8, ɩɨɷɬɨɦɭ ɤ ɤɪɢɨɥɢɬɭ ɞɨɛɚɜɥɹɸɬ ɮɬɨɪɢɫɬɵɣ ɚɥɸɦɢɧɢɣ AlF3.  
Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɜ ɷɥɟɤɬɪɨɥɢɬ ɞɨɛɚɜɥɹ-
ɸɬ ɧɟɦɧɨɝɨ CaF2, MgF2 ɢ ɢɧɨɝɞɚ NaCl. ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ ɧɚɯɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɩɪɟɞɟɥɚɯ, %: Na3AlF6 – 
75–90; AlF3  – 5–12; MgF2 – 2–5; CaF2 – 2–4; Al2O3 – 2–10. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɫɨ-
ɞɟɪɠɚɧɢɹ Al2Ɉ3 ɛɨɥɟɟ 10% ɪɟɡɤɨ ɩɨɜɵɲɚɟɬɫɹ ɬɭɝɨɩɥɚɜɤɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ, ɩɪɢ 
ɫɨɞɟɪɠɚɧɢɢ ɦɟɧɟɟ 1,3% ɧɚɪɭɲɚɟɬɫɹ ɧɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ ɷɥɟɤɬɪɨɥɢɡɚ. 
 
Ɋɢɫɭɧɨɤ 1.1 – ɋɯɟɦɚ ɷɥɟɤɬɪɨɥɢɡɧɨɣ ɜɚɧɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɥɸɦɢɧɢɹ: 1 – 
ɤɨɠɭɯ; 2 – ɲɚɦɨɬ; 3 – ɭɝɨɥɶɧɵɣ ɛɥɨɤ; 4 – ɭɝɨɥɶɧɚɹ ɩɥɢɬɚ; 5 – ɝɥɢɧɨɡɟɦ; 6 – 
ɚɧɨɞ; 7 – ɬɨɤɨɩɨɞɜɨɞɹɳɚɹ ɲɢɧɚ; 8 – ɩɨɞɜɟɫɤɚ (ɬɨɤɨɩɨɞɜɨɞ); 9 – ɤɨɪɤɚ ɡɚɬɜɟɪ-
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ɞɟɜɲɟɝɨ ɷɥɟɤɬɪɨɥɢɬɚ; 10 – ɝɚɪɧɢɫɚɠ (ɡɚɬɜɟɪɞɟɜɲɢɣ ɷɥɟɤɬɪɨɥɢɬ); 11 – ɬɨɤɨɩɨɞ-
ɜɨɞ 
ɗɥɟɤɬɪɨɥɢɡɧɚɹ ɜɚɧɧɚ ɢɥɢ ɷɥɟɤɬɪɨɥɢɡɟɪ, ɝɞɟ ɩɪɨɜɨɞɹɬ ɷɥɟɤɬɪɨɥɢɡ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɚɥɸɦɢɧɢɹ, ɢɦɟɟɬ ɜ ɩɥɚɧɟ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ. ɋɯɟɦɚ ɩɨɩɟɪɟɱɧɨ-
ɝɨ ɪɚɡɪɟɡɚ ɜɚɧɧɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1. Ʉɨɠɭɯ 1 ɢɡ ɫɬɚɥɶɧɵɯ ɥɢɫɬɨɜ ɨɯɜɚɬɵ-
ɜɚɟɬ ɫɬɟɧɵ ɜɚɧɧɵ, ɚ ɭ ɛɨɥɶɲɢɯ ɜɚɧɧ ɜɵɩɨɥɧɟɧ ɫ ɞɧɢɳɟɦ. ȼɧɭɬɪɢ ɢɦɟɟɬɫɹ ɫɥɨɣ 
ɲɚɦɨɬɚ 2 ɢ ɞɚɥɟɟ ɫɬɟɧɵ ɜɵɥɨɠɟɧɵ ɭɝɨɥɶɧɵɦɢ ɩɥɢɬɚɦɢ 4, ɚ ɩɨɞ ɨɛɪɚɡɨɜɚɧ ɩɨ-
ɞɨɜɵɦɢ ɭɝɨɥɶɧɵɦɢ ɛɥɨɤɚɦɢ 3. ȼɚɧɧɚ ɝɥɭɛɢɧɨɣ 0,5-0,6 ɦ ɡɚɩɨɥɧɟɧɚ ɷɥɟɤɬɪɨɥɢ-
ɬɨɦ ɢ ɧɚɯɨɞɹɳɢɦɫɹ ɩɨɞ ɧɢɦ ɫɥɨɟɦ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ. 
ɍɝɨɥɶɧɵɣ ɚɧɨɞ 6 (ɢɧɨɝɞɚ ɢɯ ɧɟɫɤɨɥɶɤɨ) ɩɨɞɜɟɲɟɧ ɧɚ ɫɬɚɥɶɧɵɯ ɫɬɟɪɠɧɹɯ 
8 ɬɚɤ, ɱɬɨ ɟɝɨ ɧɢɠɧɢɣ ɤɨɧɟɰ ɩɨɝɪɭɠɟɧ ɜ ɷɥɟɤɬɪɨɥɢɬ, ɱɟɪɟɡ ɫɬɟɪɠɧɢ 8 ɤ ɚɧɨɞɭ 
ɩɨɞɚɟɬɫɹ ɬɨɤ ɨɬ ɲɢɧ 7.  
Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɡɟɪɚ (ɜɚɧɧɵ), ɨɩɪɟɞɟɥɹɟɦɚɹ ɫɢɥɨɣ ɩɨɞɜɨɞɢɦɨɝɨ ɤ 
ɧɟɣ ɬɨɤɚ, ɢɡɦɟɧɹɟɬɫɹ ɨɬ 30 ɤȺ ɭ ɜɚɧɧ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ ɞɨ 250 ɤȺ ɭ ɜɚɧɧ ɛɨɥɶ-
ɲɨɣ ɦɨɳɧɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɞɨɩɭɫɬɢɦɚɹ ɭɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ 
ɚɧɨɞ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 0,65-1,0 Ⱥ/ɫɦ2, ɩɪɢ ɪɨɫɬɟ ɦɨɳɧɨɫɬɢ ɜɚɧɧ ɭɜɟɥɢɱɢɜɚɸɬ 
ɩɥɨɳɚɞɶ ɚɧɨɞɚ; ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɚɧɨɞɚ ɦɨɳɧɵɯ ɜɚɧɧ ɞɨɫɬɢɝɚɸɬ 
2,8x9 ɦ, ɪɚɡɦɟɪɵ ɜɚɧɧɵ (ɜɧɭɬɪɢ) – 3,8x10 ɦ. 
ɗɥɟɤɬɪɨɥɢɡɧɵɟ ɜɚɧɧɵ ɪɚɡɦɟɳɚɸɬ ɜ ɰɟɯɟ ɜ ɪɹɞ ɩɨ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ 
ɜɚɧɧ ɜ ɪɹɞɭ. ɗɥɟɤɬɪɨɥɢɡ ɜɟɞɭɬ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 4-4,3 ȼ ɢ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ, ɩɪɢ 
ɭɞɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɚɧɨɞ, ɪɚɜɧɨɣ 0,65-1,0 Ⱥ/ɫɦ2. Ɍɨɥ-
ɳɢɧɚ ɫɥɨɹ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɜɚɧɧɟ ɫɨɫɬɚɜɥɹɟɬ 150-250 ɦɦ. Ɍɟɦɩɟɪɚɬɭɪɭ ɜɚɧɧɵ 
ɩɨɞɞɟɪɠɢɜɚɸɬ ɜ ɩɪɟɞɟɥɚɯ 950-970 °ɋ ɡɚ ɫɱɟɬ ɬɟɩɥɚ, ɜɵɞɟɥɹɸɳɟɝɨɫɹ ɩɪɢ ɩɪɨ-
ɯɨɠɞɟɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɯɨɤɚ ɱɟɪɟɡ ɷɥɟɤɬɪɨɥɢɬ. Ɍɚɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɸɬ ɦɟɫɬɨ 
ɩɨɞ ɚɧɨɞɨɦ, ɚ ɧɚ ɝɪɚɧɢɰɟ ɫ ɜɨɡɞɭɯɨɦ ɨɛɪɚɡɭɟɬɫɹ ɤɨɪɤɚ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɷɥɟɤɬɪɨ-
ɥɢɬɚ, ɚ ɭ ɫɬɟɧ ɜɚɧɧɵ – ɡɚɬɜɟɪɞɟɜɲɢɣ ɫɥɨɣ ɷɥɟɤɬɪɨɥɢɬɚ 10 (ɝɚɪɧɢɫɚɠ).  
ɇɟɨɛɯɨɞɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɚɧɧɵ, ɬ.ɟ. ɜɵɞɟɥɟɧɢɟ ɜ ɫɥɨɟ ɷɥɟɤɬɪɨɥɢɬɚ ɧɟ-
ɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɷɥɟɤɬɪɨɫɨ-
ɩɪɨɬɢɜɥɟɧɢɢ ɫɥɨɹ ɷɥɟɤɬɪɨɥɢɬɚ. Ɍɚɤɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨɫɬɢɝɚɸɬ, ɩɨɞ-
ɞɟɪɠɢɜɚɹ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɬɨɥɳɢɧɭ ɟɝɨ ɬɨɤɨɩɪɨɜɨ-
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ɞɹɳɟɝɨ ɫɥɨɹ, ɬ.ɟ. ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɥɨɹ ɷɥɟɤɬɪɨɥɢɬɚ, ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ 
ɜɵɞɟɥɟɧɢɹ ɬɟɩɥɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɨɤɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɟɪɟɝɪɟɜ ɷɥɟɤɬɪɨɥɢ-
ɬɚ.  
ɉɪɢ ɩɪɢɥɨɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɤ ɤɚɬɨɞɭ ɢ ɚɧɨɞɭ ɫɨɫɬɚɜɥɹɸɳɢɟ ɠɢɞɤɨɝɨ 
ɷɥɟɤɬɪɨɥɢɬɚ ɩɨɞɜɟɪɝɚɸɬɫɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ, ɢ ɪɚɫɩɥɚɜ ɫɨɫɬɨɢɬ 
ɢɡ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ. ɋɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɩɨɞɨɛɪɚɧ ɬɚɤ, ɱɬɨ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɩɨɬɟɧɰɢɚɥɨɜ ɪɚɡɪɹɞɚ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɦɨɝɭɬ ɪɚɡɪɹ-
ɠɚɬɶɫɹ ɬɨɥɶɤɨ ɤɚɬɢɨɧɵ Al3+ ɢ ɚɧɢɨɧɵ O2-, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɞɢɫɫɨɰɢɚɰɢɢ 
Al2O3 ɜ ɷɥɟɤɬɪɨɥɢɬɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɧɚ ɷɥɟɤɬɪɨ-
ɞɚɯ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ:  
– ɧɚ ɤɚɬɨɞɟ 2Al3+ + 6ɟ –> 2Al  
 
– ɧɚ ɚɧɨɞɟ 3O2- – 6ɟ –> 3O  
Ɋɚɡɪɹɠɚɸɳɢɣɫɹ ɧɚ ɤɚɬɨɞɟ ɚɥɸɦɢɧɢɣ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɧɚ ɩɨɞɢɧɟ ɜɚɧɧɵ ɩɨɞ 
ɫɥɨɟɦ ɷɥɟɤɬɪɨɥɢɬɚ. ȼɵɞɟɥɹɸɳɢɣɫɹ ɧɚ ɚɧɨɞɟ ɤɢɫɥɨɪɨɞ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɭɝɥɟ-
ɪɨɞɨɦ ɚɧɨɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɚɡɨɜ ɋɈ ɢ ɋO2, ɬ.ɟ. ɩɪɢ ɷɬɨɦ ɨɤɢɫɥɹɟɬɫɹ ɧɢɡ ɚɧɨ-
ɞɚ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɚɧɨɞ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɩɭɫɤɚɸɬ. Ƚɚɡɵ ɋɈ ɢ ɋO2 ɜɵɯɨɞɹɬ ɢɡ – ɩɨɞ 
ɚɧɨɞɨɜ ɜɞɨɥɶ ɢɯ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɧɢ ɫɨɞɟɪɠɚɬ ɜɵɞɟɥɹɸɳɢɟɫɹ ɢɡ ɷɥɟɤ-
ɬɪɨɥɢɬɚ ɬɨɤɫɢɱɧɵɟ ɮɬɨɪɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɝɥɢɧɨɡɟɦɧɭɸ ɩɵɥɶ. ɗɬɢ ɝɚɡɵ ɭɥɚɜ-
ɥɢɜɚɸɬ ɢ ɨɱɢɳɚɸɬ ɨɬ ɩɵɥɢ ɢ ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ.  
ɉɨ ɯɨɞɭ ɩɪɨɰɟɫɫɚ ɜ ɜɚɧɧɵ ɩɟɪɢɨɞɢɱɟɫɤɢ ɡɚɝɪɭɠɚɸɬ ɝɥɢɧɨɡɟɦ; ɤɨɧɬɪɨɥɢ-
ɪɭɸɬ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ, ɜɜɨɞɹ ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ; ɫ ɩɨɦɨɳɶɸ ɪɟɝɭɥɹ-
ɬɨɪɨɜ ɩɨɞɞɟɪɠɢɜɚɸɬ ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɧɨɞɚɦɢ ɢ ɠɢɞɤɢɦ ɚɥɸ-
ɦɢɧɢɟɦ (ɜ ɩɪɟɞɟɥɚɯ 40–50 ɦɦ). Ƚɥɢɧɨɡɟɦ ɡɚɝɪɭɠɚɸɬ ɜ ɜɚɧɧɵ ɫɜɟɪɯɭ, ɩɪɨɛɢɜɚɹ 
ɞɥɹ ɷɬɨɝɨ ɤɨɪɤɭ ɫɩɟɤɲɟɝɨɫɹ ɷɥɟɤɬɪɨɥɢɬɚ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɞɜɢɝɚɸɳɢɯɫɹ ɜɞɨɥɶ 
ɜɚɧɧ ɦɚɲɢɧ.  
ɀɢɞɤɢɣ ɚɥɸɦɢɧɢɣ ɢɡɜɥɟɤɚɸɬ ɢɡ ɜɚɧɧ ɨɞɢɧ ɪɚɡ ɜ ɫɭɬɤɢ ɢɥɢ ɱɟɪɟɡ 2-3 ɫɭ-
ɬɨɤ ɫ ɩɨɦɨɳɶɸ ɜɚɤɭɭɦ-ɤɨɜɲɟɣ. ȼɚɤɭɭɦ-ɤɨɜɲ, ɜɦɟɳɚɸɳɢɣ 1,5-5 ɬ ɚɥɸɦɢɧɢɹ. 
Ɏɭɬɟɪɨɜɚɧɧɭɸ ɲɚɦɨɬɨɦ ɟɦɤɨɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɫɨɡɞɚɟɬɫɹ ɪɚɡɪɹɠɟɧɢɟ ~ 70 
ɤɉɚ. ɋɨɟɞɢɧɟɧɧɭɸ ɫ ɩɚɬɪɭɛɤɨɦ ɤɨɜɲɚ, ɡɚɛɨɪɧɭɸ ɬɪɭɛɤɭ ɩɨɝɪɭɠɚɸɬ ɫɜɟɪɯɭ ɜ 
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ɫɥɨɣ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ ɜ ɜɚɧɧɟ ɢ ɡɚ ɫɱɟɬ ɪɚɡɪɟɠɟɧɢɹ ɚɥɸɦɢɧɢɣ, ɡɚɫɚɫɵɜɚɟɬɫɹ 
ɜ ɤɨɜɲ.  
ȼɵɞɟɥɹɸɳɢɟɫɹ ɚɧɨɞɧɵɟ ɝɚɡɵ ɜɧɚɱɚɥɟ ɧɚɩɪɚɜɥɹɸɬ ɜ ɝɨɪɟɥɤɢ, ɝɞɟ ɫɠɢɝɚɸɬ 
ɋɈ ɢ ɜɨɡɝɨɧɵ ɫɦɨɥɵ, ɚ ɡɚɬɟɦ ɜ ɝɚɡɨɨɱɢɫɬɤɭ, ɝɞɟ ɭɥɚɜɥɢɜɚɸɬ ɩɵɥɶ ɢ ɮɬɨɪɢɫɬɵɟ 
ɫɨɟɞɢɧɟɧɢɹ [2].  
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɥɢɡɧɵɯ ɜɚɧɧ ɫɨɫɬɚɜɥɹɟɬ 500-
1200 ɤɝ ɚɥɸɦɢɧɢɹ ɜ ɫɭɬɤɢ. Ȼɚɥɚɧɫ ɫɵɪɶɹ ɢ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ 1 ɬ ɚɥɸɦɢ-
ɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.2. 
 
 
 
Ɋɢɫɭɧɨɤ 1.2 - Ȼɚɥɚɧɫ ɫɵɪɶɹ ɢ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ 1 ɬ ɚɥɸɦɢɧɢɹ 
 
1.3.2 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɬɯɨɞɨɜ, ɨɛɴɟɦɵ ɨɛɪɚɡɨɜɚɧɢɹ   
 
ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɚɥɸɦɢɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɬɯɨɞɵ: 
 ɏɜɨɫɬɵ ɮɥɨɬɚɰɢɢ ɭɝɨɥɶɧɨɣ ɩɟɧɵ 
 ɒɥɚɦɵ ɝɚɡɨɨɱɢɫɬɤɢ 
 ɉɵɥɶ ɷɥɟɬɪɨɮɢɥɶɬɪɨɜ 
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 ɋɦɵɜɧɵɟ ɜɨɞɵ ɡɭɦɩɮɨɜ 
 ɋɦɟɲɚɧɧɵɟ ɨɬɯɨɞɵ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
 Ɉɬɪɚɛɨɬɚɧɧɚɹ ɲɚɦɨɬɧɚɹ ɮɭɬɟɪɨɜɤɚ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
 Ɉɬɪɚɛɨɬɚɧɧɚɹ ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɚ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
 Ɉɛɴɟɦɵ  ɨɛɪɚɡɨɜɚɧɢɹ ɝɨɞɨɜɵɯ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.3 [39]. 
 
Ɋɢɫɭɧɨɤ 1.3 - Ɉɛɪɚɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ. 
 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɯɨɞɨɜ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.1. 
 
Ɍɚɛɥɢɰɚ 1.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɦɚɫɫ.% 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɬɯɨɞɨɜ ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 
ɉɨɬɟɪɢ ɩɪɢ 
ɩɪɨɤɚɥɢɜɚɧɢɢ 
SiO2   CaO MgO     
ɏɜɨɫɬɵ ɮɥɨɬɚɰɢɢ 
ɭɝɨɥɶɧɨɣ ɩɟɧɵ 0,13 6,20 0,06 - - 12,44 0,10 12,44 68,93 
ɒɥɚɦɵ 
ɝɚɡɨɨɱɢɫɬɤɢ 0,24 18,54 3,70 0,79 0,32 23,02 3,13 26,01 24,25 
 
От̵од̼ шла̥о̐о 
поля; ϴϱ 
От̵од̼ у̐ол̦̽о̜ 
̴уте̬о̏к̛; Ϭ,ϰ 
От̵од̼ ϭ-ϯ кла̭̭а 
опа̭̦о̭т̛; ϭ,ϳ 
От̵од̼ 
ша̥от̦о̜ 
̴уте̬о̏к̛; 
12 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 
ɉɵɥɶ 
ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ 0,46 18,40 2,51 0,16 0,75 15,04 1,00 17,09 44,59 
ɋɦɵɜɧɵɟ ɜɨɞɵ 
ɡɭɦɩɮɨɜ 2,49 18,56 4,75 0,08 080 23,30 1,11 30,14 18,77 
ɋɦɟɲɚɧɧɵɟ 
ɨɬɯɨɞɵ 
ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
0,68 12,53 1,13 0,73 0,60 15,89 0,64 16,38 51,42 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ 
ɮɭɬɟɪɨɜɤɚ  
22,40 15,01 2,05 2,60 2,58 
Ⱦɨ 
15 
0,23 
Ⱦɨ 
15 
2,09 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɲɚɦɨɬɧɚɹ 
ɮɭɬɟɪɨɜɤɚ 
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
65,64 20,86 2,78 0,90 0,86 4,21 0,23 2,53  
 
ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡ-
ɥɢɱɧɵɟ ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɬɨɪɵɟ ɭɬɢɥɢɡɢɪɭɸɬɫɹ, ɩɨɞɥɟɠɚɬ ɞɥɢɬɟɥɶɧɨɦɭ 
ɯɪɚɧɟɧɢɸ ɢɥɢ ɭɧɢɱɬɨɠɟɧɢɸ. 
 ɏɜɨɫɬɵ ɮɥɨɬɚɰɢɢ ɭɝɨɥɶɧɨɣ ɩɟɧɵ, ɲɥɚɦɵ ɝɚɡɨɨɱɢɫɬɤɢ, ɩɵɥɶ ɷɥɟɤɬɪɨ-
ɮɢɥɶɬɪɨɜ, ɫɦɵɜɧɵɟ ɜɨɞɵ ɡɭɦɩɮɨɜ ɢ ɲɥɚɦɵ ɝɥɢɧɨɡɟɦɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɞ-
ɜɟɪɝɚɸɬɫɹ ɪɚɡɥɢɱɧɵɦ ɨɩɟɪɚɰɢɹɦ ɨɱɢɫɬɤɢ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ ɧɚ ɲɥɚɦɨɜɵɟ 
ɩɨɥɹ. 
Ɉɬɯɨɞɵ ɞɟɦɨɧɬɚɠɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɷɥɟɤɬɪɨɥɢɡɟɪɚ, ɚ ɢɦɟɧɧɨ ɨɬɪɚɛɨɬɚɧɧɚɹ 
ɲɚɦɨɬɧɚɹ ɢ ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɢ, ɫɤɥɚɞɢɪɭɸɬɫɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɡɚɜɨɞɚ ɜ ɱɟɪɬɟ ɝɨ-
ɪɨɞɚ ɧɚ ɨɬɤɪɵɬɵɯ ɩɥɨɳɚɞɤɚɯ. 
ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɳɟɥɚɱɢɜɚɧɢɸ ɨɬɯɨɞɨɜ ɚɬɦɨɫɮɟɪɧɵɦɢ ɨɫɚɞɤɚɦɢ ɢ ɡɚ-
ɝɪɹɡɧɟɧɢɸ ɛɥɢɡɥɟɠɚɳɢɯ ɜɨɞɨɟɦɨɜ, ɡɚɝɪɹɡɧɟɧɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɮɬɨɪɢɞɚ-
ɦɢ ɢ ɞɪɭɝɢɦɢ ɜɪɟɞɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ ɫɨɟɞɢɧɟɧɢɹɦɢ [41]. 
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1.4 ɉɭɬɢ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 
 Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɭɬɢɥɢɡɚɰɢɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɩɚɬɟɧɬ-
ɧɵɣ ɩɨɢɫɤ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɭɬɢ ɭɬɢɥɢɡɚ-
ɰɢɢ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ: 
– Ɋɟɝɟɧɟɪɚɰɢɹ ɨɬɯɨɞɚ; 
– ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɰɟɦɟɧɬɚ; 
– ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɧɨɣ ɞɨɛɚɜɤɢ; 
– ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ. 
Ⱥɜɬɨɪɵ ɢɡɨɛɪɟɬɟɧɢɹ ɩɪɟɞɥɚɝɚɸɬ [24]. ɉɪɢ ɪɟɝɟɧɟɪɚɰɢɢ ɨɬɯɨɞɨɜ ɨɫɧɨɜɧɨɣ 
ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ ɢɡ ɲɥɚɦɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɚɥɸɦɢɧɢɹ. ɋɢɫɬɟɦɵ ɝɚɡɨɨɱɢɫɬɤɢ ɩɨɞɜɟɪɝɚɸɬ ɫɧɚɱɚɥɚ ɦɚɝɧɢɬɧɨɣ ɫɟɩɚɪɚɰɢɢ ɩɪɢ 
ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɧɟ ɦɟɧɟɟ 1000 ȼ, ɩɨɫɥɟ ɱɟɝɨ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɵɣ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɨɛɠɢɝ ɫ ɜɜɟɞɟɧɢɟɦ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɢ ɩɨ-
ɫɥɟɞɭɸɳɟɣ ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɟɣ ɜɨɡɜɪɚɬɧɨɝɨ ɩɪɨɞɭɤɬɚ ɜɨɞɨɣ. 
ɂɡɨɛɪɟɬɟɧɢɟ ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɮɬɨɪɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɠɟɥɟɡɚ ɢ ɫɟɪɵ ɜ ɜɨɡɜɪɚɬɧɨɦ ɩɪɨɞɭɤɬɟ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɨɬɯɨɞɨɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɪɜɢɱɧɨɝɨ ɚɥɸɦɢɧɢɹ, ɧɨ ɢ ɩɨɜɵɫɢɬɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɨɛɠɢɝɚ, ɬɚɤ ɤɚɤ ɨɧ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ 500-600 oC. 
ȼ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɩɚɬɟɧɬɟ [25] ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɰɟɦɟɧɬɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɧɚɬɪɢɣ-ɮɬɨɪ-ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɟ ɨɬɯɨɞɵ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨ-
ɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ. 
ɋɦɟɲɟɧɢɟ ɩɪɨɜɨɞɹɬ ɩɪɢ ɩɨɞɚɱɟ ɭɤɚɡɚɧɧɵɯ ɨɬɯɨɞɨɜ ɜ ɫɦɟɫɶ ɞɥɹ ɩɨɥɭɱɟ-
ɧɢɹ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɧɨɝɨ ɤɥɢɧɤɟɪɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,10-0,25 % ɜɟɫ. ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 
ɮɬɨɪ ɢ ɩɪɢ ɜɟɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɧɚɬɪɢɹ ɤ ɮɬɨɪɭ ɧɟ ɛɨɥɟɟ 0,8. Ɂɚɬɟɦ ɩɪɨɜɨɞɹɬ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ. Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɱɢ-
ɫɬɤɟ ɲɥɚɦɨɜɵɯ ɩɨɥɟɣ ɚɥɸɦɢɧɢɟɜɵɯ ɡɚɜɨɞɨɜ ɨɬ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɧɚɬɪɢɣ-ɮɬɨɪ-
ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɨɬɯɨɞɨɜ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ, 
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ɪɚɫɲɢɪɟɧɢɢ ɫɵɪɶɟɜɨɣ ɛɚɡɵ ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɢɡɚɬɨɪɨɜ ɲɢɯɬɵ ɞɥɹ ɩɨ-
ɥɭɱɟɧɢɹ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɧɨɝɨ ɤɥɢɧɤɟɪɚ. 
Ⱥɜɬɨɪɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ [26] ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɧɨɣ ɞɨɛɚɜɤɢ, ɮɬɨɪ-ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɟ ɨɬɯɨɞɵ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɯɜɨɫɬɵ ɮɥɨɬɚɰɢɢ 
ɭɝɨɥɶɧɨɣ ɩɟɧɵ ɢ ɨɬɯɨɞɵ ɝɚɡɨɨɱɢɫɬɤɢ, ɫɦɟɲɢɜɚɧɢɟ ɢɯ ɢ ɩɨɥɭɱɟɧɢɹ ɛɪɢɤɟɬɨɜ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɧɨɣ ɞɨɛɚɜɤɢ. ɂɡɜɟɫɬɟɧ ɫɩɨɫɨɛ 
ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɧɚ ɤɪɢɨɥɢɬ. Ɋɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɩɪɢɜɨ-
ɞɢɬ ɤ  ɩɨɜɵɲɟɧɢɸ ɜɵɯɨɞɚ ɮɬɨɪɚ ɜ ɤɪɢɨɥɢɬ ɞɨ 90% (ɩɨɬɟɪɢ ɮɬɨɪɚ ɫ ɦɚɬɨɱɧɢɤɨɦ 
ɫɧɢɠɚɸɬɫɹ ɞɨ 11,8%). ȼ ɫɩɨɫɨɛɟ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɷɥɟɤɬɪɨɥɢɡё-
ɪɨɜ ɧɚ ɤɪɢɨɥɢɬ, ɡɚɤɥɸɱɚɸɳɢɦɫɹ ɜ ɟё ɜɵɳɟɥɚɱɢɜɚɧɢɢ ɤɚɭɫɬɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ, 
ɨɛɟɫɤɪɟɦɧɢɜɚɧɢɢ, ɫɝɭɳɟɧɢɟɦ ɫ ɩɨɥɭɱɟɧɢɟɦ ɲɥɚɦɚ ɢ ɪɚɫɬɜɨɪɚ, ɤɚɪɛɨɧɢɡɚɰɢɸ 
ɜɟɞɭɬ ɞɨ ɫɨɨɬɧɨɲɟɧɢɹ ɛɢɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɤ ɤɚɪɛɨɧɚɬɭ ɧɚɬɪɢɹ ɜ ɪɚɫɬɜɨɪɟ ɪɚɜ-
ɧɨɝɨ 0,05-0,16. ɇɚ ɤɚɪɛɨɧɢɡɚɰɢɸ ɩɨɞɚɸɬ ɪɚɫɬɜɨɪ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɤɚɪɛɨɧɚɬɧɨɣ 
ɳɟɥɨɱɢ 15-20ɝ/ɥ. 
Ɉɬɪɚɛɨɬɚɧɧɚɹ ɮɭɬɟɪɨɜɤɚ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ, ɤɚɤ ɨɩɚɫɧɵɟ ɨɬɯɨɞɵ. ɏɨɬɹ 
ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɫɩɨɫɨɛɨɜ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɥɟɡɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɥɭɱɚɹɯ ɰɟɧɧɨɫɬɶ ɨɬɪɚɛɨɬɚɧɧɨɣ ɮɭɬɟɪɨɜɤɢ ɢ ɷɤɨɧɨɦɢɤɚ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɜ ɰɟɥɨɦ 
ɫɱɢɬɚɸɬɫɹ ɫɨɦɧɢɬɟɥɶɧɵɦɢ. Ɍɚɤ, ɢɡɜɟɫɬɧɵ ɬɟɯɧɨɥɨɝɢɹ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧ-
ɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ, ɤɨɬɨɪɚɹ ɜ ɡɚɦɟɬɧɨɦ ɤɨ-
ɥɢɱɟɫɬɜɟ ɫɨɞɟɪɠɢɬ ɹɞɨɜɢɬɵɣ ɰɢɚɧɢɞ ɧɚɬɪɢɹ, ɡɚɤɥɸɱɚɸɳɢɟɫɹ  ɜ  ɟɟ ɪɚɡɦɨɥɟ ɢ 
ɩɟɪɟɪɚɛɨɬɤɟ ɫ ɞɨɛɚɜɤɨɣ ɪɟɚɝɟɧɬɚ - ɫɨɥɢ ɠɟɥɟɡɚ, ɜ ɤɚɱɟɫɬɜɟ ɩɨɫɥɟɞɧɟɝɨ ɢɫɩɨɥɶ-
ɡɭɸɬ ɞɜɭɯɜɚɥɟɧɬɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɜɜɨɞɹɬ ɜ ɩɪɨɰɟɫɫ ɪɚɡɦɨɥɚ ɜ ɤɨɥɢɱɟɫɬ-
ɜɟ 0,05-0,25 ɦɨɥɟɣ ɧɚ ɤɚɠɞɵɣ ɦɨɥɶ ɫɜɨɛɨɞɧɨɝɨ ɰɢɚɧɢɞɚ, ɩɪɢ ɷɬɨɦ ɪɟɚɝɟɧɬ ɜɜɨ-
ɞɹɬ ɜ ɜɢɞɟ 5-35% ɪɚɫɬɜɨɪɚ, ɪɚɡɦɨɥ ɜɟɞɭɬ ɜ ɞɜɟ ɫɬɚɞɢɢ ɫ ɜɥɚɠɧɨɫɬɹɦɢ 15-30% ɢ 
2-6% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɧɚ ɪɚɡɦɨɥ ɞɨɛɚɜɥɹɸɬ 3-12% ɢɡɜɟɫɬɢ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ  
ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɫɤɥɸɱɟɧɢɟ ɬɨɤɫɢɱɧɵɯ ɢ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɵɯ ɪɟɚɝɟɧɬɨɜ ɢ ɫɨ-
ɜɦɟɳɟɧɢɟ ɩɟɪɟɞɟɥɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɫ ɞɪɭɝɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɩɟɪɟɪɚɛɨɬɤɢ ɮɭɬɟ-
ɪɨɜɤɢ, ɨɞɧɚɤɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɧɨɝɨɱɢɫɥɟɧ-
ɧɵɯ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɨɩɟɪɚɰɢɣ.  ɉɨɷɬɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɚɥɸ-
26 
 
ɦɢɧɢɟɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɬɟɯɧɨɝɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɨɬɩɪɚɜɥɹɟɬɫɹ  ɜ ɨɬɜɚɥɵ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɜɟɳɟɫɬɜ ɢɡ ɨɬɪɚɛɨɬɚɧɧɨɣ ɮɭɬɟɪɨɜɤɢ ɬɪɟɛɭɟɬ ɞɨɪɨɝɨɫɬɨɹɳɢɯ, ɬɳɚɬɟɥɶɧɨ 
ɫɨɨɪɭɠɟɧɧɵɯ ɢ ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɦɨɝɢɥɶɧɢɤɨɜ.   
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɢɞɟɬ ɜ ɪɚɡɥɢɱɧɵɯ ɧɚ-
ɩɪɚɜɥɟɧɢɹɯ. Ɍɚɤ, ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɱɢɬɚɟɬɫɹ ɪɟɰɢɤɥɢɧɝ ɨɬɪɚɛɨɬɚɧɧɨɣ ɮɭɬɟɪɨɜɤɢ 
ɜ ɚɧɨɞɧɭɸ ɦɚɫɫɭ. ɉɪɢ ɡɚɦɟɧɟ ɱɚɫɬɢ ɤɨɤɫɚ-ɧɚɩɨɥɧɢɬɟɥɹ ɧɚ ɨɬɪɚɛɨɬɚɧɧɭɸ ɮɭɬɟ-
ɪɨɜɤɭ ɜ ɚɧɨɞɧɨɣ ɦɚɫɫɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɤɭɱɟɫɬɢ ɩɨɫɥɟɞɧɟɣ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɫɜɹ-
ɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɬɤɪɵɬɵɯ ɩɨɪ, ɜ ɤɨɬɨɪɵɟ ɩɪɨɧɢɤɚɟɬ ɫɜɹɡɭɸɳɟɟ 
– ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɣ ɩɟɤ. Ɉɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɞɨɛɚɜɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɮɭɬɟɪɨɜɤɢ 
ɜ ɚɧɨɞɧɭɸ ɦɚɫɫɭ ɧɚ ɬɚɤɢɟ ɜɚɠɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɨɠɠɟɧɧɵɯ ɚɧɨɞɨɜ, 
ɤɚɤ ɩɥɨɬɧɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɢ ɭɞɟɥɶɧɨɟ ɷɥɟɤ-
ɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɤɚ ɞɨ 5-10% ɨɬɪɚɛɨɬɚɧɧɨɣ ɮɭɬɟɪɨɜɤɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ.  
Ⱦɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɥɢɧɨɡɟɦɚ [28]. ɋɩɨɫɨɛ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨ-
ɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ, ɫɨɞɟɪɠɚɳɟɣ ɜ ɨɫɧɨɜɧɨɦ ɭɝɥɟɪɨɞ, ɩɪɨɩɢɬɚɧɧɵɣ 
ɮɬɨɪɢɫɬɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɚɥɸɦɢɧɢɹ ɢ ɧɚɬɪɢɹ. ɍɝɨɥɶɧɭɸ ɮɭɬɟɪɨɜɤɭ ɜɜɨɞɹɬ ɜ 
ɢɡɦɟɥɶɱɟɧɧɨɦ ɜɢɞɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 3-18 ɦɚɫɫ. % ɜ ɝɥɢɧɨ-
ɡɟɦɫɨɞɭɢɡɜɟɫɬɧɹɤɫɨɞɟɪɠɚɳɭɸ ɲɢɯɬɭ (ɩɭɥɶɩɭ) ɝɥɢɧɨɡɟɦɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɉɪɢ ɷɬɨɦ ɢɡɜɟɫɬɧɹɤ ɞɨɡɢɪɭɸɬ ɜ ɲɢɯɬɭ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ CaF2·3CaO·2SiO2, CaF2, 
2CaO·SiO2. ɓɟɥɨɱɶ ɞɨɡɢɪɭɸɬ ɜ ɲɢɯɬɭ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɫɨɨɬɧɨɲɟɧɢɹ Al2O3+Fe2O3/Na2O+K2O = 0,9-1,1. ɒɢɯɬɭ ɫɩɟɤɚɸɬ. ɉɨɥɭɱɟɧɧɵɣ 
ɫɩɟɤ ɩɨɞɜɟɪɝɚɸɬ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨ ɢɡɜɟɫɬɧɵɦ ɫɩɨɫɨɛɚɦ ɝɥɢɧɨ-
ɡɟɦɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 
ɜ ɜɢɞɟ ɝɥɢɧɨɡɟɦɚ, ɫɨɞɵ, ɩɨɬɚɲɚ. Ɉɫɬɚɜɲɢɣɫɹ ɩɨɫɥɟ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬ-
ɤɢ ɬɜɟɪɞɵɣ ɨɫɬɚɬɨɤ - ɲɥɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɩɪɨɢɡɜɨɞ-
ɫɬɜɨ ɰɟɦɟɧɬɚ, ɫɢɥɢɤɚɬɧɨɝɨ ɤɢɪɩɢɱɚ, ɞɨɪɨɠɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ.  
ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɵɯ 
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ [29] ɡɚɤɥɸɱɚɟɬɫɹ  ɜ ɬɨɦ, ɱɬɨ ɭɝɨɥɶɧɭɸ ɮɭɬɟɪɨɜɤɭ, ɢɡɜɥɟɱɟɧɧɭɸ 
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ɢɡ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɤɚɩɢɬɚɥɶɧɨɦɭ ɪɟɦɨɧɬɭ, ɢɡɦɟɥɶɱɚɸɬ ɞɨ ɪɚɡɦɟɪɚ 
ɤɭɫɤɨɜ < 2-3 ɦɦ ɢ ɩɪɨɤɚɥɢɜɚɸɬ ɩɪɢ 300-500°ɋ ɢ ɞɨɫɬɭɩɟ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɜɨɡɞɭɯɚ 
ɜ ɬɪɭɛɱɚɬɨɣ ɩɟɱɢ ɢɥɢ ɩɟɱɢ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɜ ɬɟɱɟɧɢɟ ɨɤɨɥɨ 1 ɱɚɫɚ. 
 ȿɫɥɢ ɢɡ ɮɭɬɟɪɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɢɡɜɥɟɱɶ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɣ ɮɬɨɪɢɞɵ, ɬɨ 
ɤ ɦɚɬɟɪɢɚɥɭ ɞɨ ɟɝɨ ɩɪɨɤɚɥɢɜɚɧɢɹ ɞɨɛɚɜɥɹɸɬ ɞɨ 20% NaOH ɢɥɢ Na2CO3 ɜ ɬɜɟɪ-
ɞɨɦ ɜɢɞɟ ɢɥɢ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ. ɉɨɫɥɟ ɨɩɢɫɚɧɧɨɣ ɨɬɪɚɛɨɬɤɢ ɫɨɞɟɪɠɚɧɢɟ ɰɢɚɧɢ-
ɞɨɜ ɜ ɮɭɬɟɪɨɜɤɟ ɫɧɢɠɚɟɬɫɹ ɫ 0,1-0,36% ɞɨ 0,015%. ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɫɩɨɫɨɛɚ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɨɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ 
ɜɵɠɢɝɚɧɢɟ ɭɝɥɟɪɨɞɚ, ɪɚɡɥɨɠɟɧɢɟ ɰɢɚɧɢɞɨɜ ɢ ɩɟɪɟɜɨɞ ɮɬɨɪɢɞɨɜ ɜ ɜɨɞɨɪɚɫɬɜɨ-
ɪɢɦɭɸ ɮɨɪɦɭ.  
ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɥɟɪɨɞɢɫɬɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟ-
ɜɵɯ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ [27] ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɢɡɦɟɥɶɱɟɧɢɟ ɭɝɥɟɪɨɞɢɫɬɨɣ ɮɭɬɟ-
ɪɨɜɤɢ ɞɨ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ 1-2 ɫɦ. ȼ ɩɨɥɭɱɟɧɧɭɸ ɦɚɫɫɭ ɞɨɛɚɜɥɹɸɬ 1-20% ɩɨ-
ɪɨɲɤɨɨɛɪɚɡɧɨɣ ɮɭɬɟɪɨɜɤɢ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 0,6-5 ɦɤɦ, ɚ ɬɚɤɠɟ 1-10% ɢɧɟɪɬ-
ɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɧɚɩɪɢɦɟɪ, ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ) ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɨɤɨɥɨ 10 ɦɤɦ. 
Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ – ɨɤɢɫɥɟɧɢɟ ɩɪɨɜɨɞɹɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 750-1200 °ɋ. 
Ⱦɨɛɚɜɤɚ ɢɧɟɪɬɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɫɩɟɤɚɧɢɟ ɦɚɫɫɵ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨ-
ɥɟɟ ɩɨɥɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɢ ɪɚɡɥɨɠɟɧɢɸ ɰɢɚɧɢɞɨɜ ɞɨ N2, CO2 ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ȼ 
ɞɚɥɶɧɟɣɲɟɦ ɨɤɢɫɥɟɧɧɚɹ ɦɚɫɫɚ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 
ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɞɥɹ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɪɭɠɟɧɢɟ ɞɨɜɨɥɶɧɨ ɝɪɨɦɨɡɞɤɨɝɨ ɢ 
ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɬɞɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ; ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɨɥɨ 1000 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɥɨɠɟɧɢɟ ɢ ɭɥɟɬɭɱɢɜɚɧɢɟ 
ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɮɨɪɦɚɯ HF, SiF4 ɢ ɞɪ., ɱɬɨ ɭɫɭɝɭɛɥɹɟɬ ɷɤɨɥɨɝɢɱɟɫɤɨɟ 
ɫɨɫɬɨɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɚɤɬɢɱɟɫɤɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹ-
ɟɬɫɹ ɬɨɥɶɤɨ ɨɤɢɫɥɟɧɢɟ (ɜɵɠɢɝɚɧɢɟ) ɭɝɥɟɪɨɞɚ ɢ ɪɚɡɥɨɠɟɧɢɟ (ɧɟɣɬɪɚɥɢɡɚɰɢɹ) 
ɰɢɚɧɢɞɨɜ. 
Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɭɬɢɥɢɡɚɰɢɢ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ 
ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ ɰɟ-
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ɥɶɸ ɩɨɜɵɲɟɧɢɹ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ, ɭɥɭɱɲɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɢ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
 Ɍɚɤ, ɢɡɜɟɫɬɧɚ ɫɵɪɶɟɜɚɹ ɫɦɟɫɶ ɢ ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɥɢɰɟ-
ɜɵɯ ɢɡɞɟɥɢɣ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɵɪɶɟɜɚɹ ɫɦɟɫɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɟ-
ɧɨɜɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɫɨɞɟɪɠɢɬ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɢɤ-
ɪɨɤɪɟɦɧɟɡɟɦ, ɡɨɥɭ-ɭɧɨɫ ɨɬ ɫɠɢɝɚɧɢɹ ɛɭɪɵɯ ɭɝɥɟɣ, ɩɪɨɫɵɩɶ ɨɬ ɞɪɨɛɥɟɧɢɹ ɨɬɪɚ-
ɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɢ ɦɨɸɳɟɟ ɫɪɟɞɫɬɜɨ "Ɍɚɣɝɚ" ɩɪɢ 
ɫɥɟɞɭɸɳɟɦ ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɜ ɦɚɫc.%): 
– ɡɨɥɚ-ɭɧɨɫ  48,50 – 53,28; 
– ɦɢɤɪɨɤɪɟɦɧɟɡɟɦ 26,12 – 28,70; 
– ɩɪɨɫɵɩɶ ɨɬ ɞɪɨɛɥɟɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɣ   
– ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 4,10 – 11,20; 
– ɦɨɸɳɟɟ ɫɪɟɞɫɬɜɨ «Ɍɚɣɝɚ» 0,81 – 2,24. 
ɉɪɨɫɵɩɶ ɨɬ ɞɪɨɛɥɟɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɦ ɨɬɯɨɞɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ, ɨɛɪɚɡɭɸɳɢɦɫɹ 
ɩɪɢ ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ. ɇɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɨɬɯɨɞɚ ɞɨ 750 
ɤɝ/ɦ3, ɩɪɟɨɛɥɚɞɚɸɳɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ – ɞɨ 1 ɦɦ. 
         ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɫɵɩɢ ɨɬ ɞɪɨɛɥɟɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟ-
ɪɨɜɤɢ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ (ɦɚɫɫ.%): 
ɋ – 53,31; 
Na – 11,76; 
Ʉ – 2,52; 
Al – 5,93; 
ɋɚ – 0,15; 
F – 11,97; 
Mg – 0,18; 
Fe2 O3 – 0,36; 
SiO2 – 1,07; 
Al 2O3 – 17,04; 
CaF2 – 0,05. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɬɚɤ ɤɚɤ ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ 
ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɚ ɢ ɩɨɥɭɱɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɮɢɡɢ-
ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼɫɟ ɧɚɣɞɟɧɧɵɟ ɢ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɞɚɧɧɵɟ ɩɨ 
ɩɚɬɟɧɬɧɨɦɭ ɩɨɢɫɤɭ, ɛɵɥɢ ɡɚɩɢɫɚɧɵ ɜ ɬɚɛɥɢɰɭ 1.2. 
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Ɍɚɛɥɢɰɚ 1.2 – Ɋɟɡɭɥɶɬɚɬɵ ɩɚɬɟɧɬɧɨɝɨ ɩɨɢɫɤɚ. 
Ʉɥɚɫɫ ɇɨɦɟɪ Ⱦɚɬɚ ɐɟɥɶ  ȼɢɞ  
ɨɬɯɨɞɚ 
Ɍɟɯɧɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ 
ɋɨɫɬɚɜ ɦɚɫɫ. % ɉɨɬɪɟɛɢɬɟɥɶ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ 
C04B38/08 2531417 27.08.2013 Cɧɢɠɟɧɢɟ ɫɪɟɞ-
ɧɟɣ ɩɥɨɬɧɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɢ, ɩɨɜɵɲɟɧ-
ɧɨɫɬɢ ɩɪɨɱɧɨɫɬɢ 
ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɢɡɞɟɥɢɣ ɢ ɫɧɢ-
ɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ 
ɨɛɠɢɝ. 
ɍɝɨɥɶɧɵɟ ɲɥɚɦɵ ɋɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟ-
ɧɢɹ ɦɟɧɟɟ 1 ɦɦ,  
ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢ-
ɝɚ 950–1050 °C, 
ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɶ 2 ɱɚɫɚ, ɨɯ-
ɥɚɠɞɟɧɢɟ 14 ɱɚɫɨɜ,  
ɥɟɝɤɨɩɥɚɜɤɚɹ ɝɥɢɧɚ – 
60–75; ɤɚɪɛɨɧɚɬɧɨ–
ɤɪɟɦɧɢɫɬɚɹ ɰɟɨɥɢɬ-
ɫɨɞɟɪɠɚɳɚɹ ɩɨɪɨɞɚ – 
20–25; ɮɥɨɬɚɰɢɨɧ-
ɧɵɟ ɨɬɯɨɞɵ ɭɝɥɟɨɛɨ-
ɝɚɳɟɧɢɹ – 5–15. 
=30,4 Ɇɉɚ, 
ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ 
ɩɨɥɧɨɬɟɥɵɯ ɢɡɞɟɥɢɣ 
1, 45 , ɩɨɪɢɫ-
ɬɨɫɬɶ 42 %, ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɢ 0,43 
 
C04B35/14 2523526 04.12.2012 ɉɨɜɵɲɟɧɢɟ ɦɨ-
ɪɨɡɨɫɬɨɣɤɨɫɬɢ 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɤɢɪɩɢɱɚ. 
ɉɵɥɶ ɝɚɡɨɨɱɢɫɬɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɟɪ-
ɪɨɫɩɥɚɜɨɜ, ɡɚɤɚɪɛɨ-
ɧɢɡɨɜɚɧɧɵɣ ɫɭɝɥɢ-
ɧɨɤ, ɦɢɧɟɪɚɥɶɧɵɣ 
ɲɥɚɦ ɝɚɡɨɨɱɢɫɬɤɢ 
ɪɟɤɭɥɶɬɢɜɢɪɭɟɦɨɝɨ 
ɲɥɚɦɨɧɚɤɨɩɢɬɟɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸ-
ɦɢɧɢɹ  
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲ-
ɤɢ 100–110 °ɋ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢ-
ɝɚ 950 °ɋ,  
ɉɵɥɶ ɝɚɡɨɨɱɢɫɬɤɢ 
63,6–68,6; ɡɚɤɚɪɛɨ-
ɧɢɡɨɜɚɧɧɵɣ ɫɭɝɥɢ-
ɧɨɤ 27,3–29,4; ɦɢɧɟ-
ɪɚɥɶɧɵɣ ɲɥɚɦ ɝɚɡɨ-
ɨɱɢɫɬɤɢ ɪɟɤɭɥɶɬɢɜɢ-
ɪɭɟɦɨɝɨ ɲɥɚɦɨɧɚɤɨ-
ɩɢɬɟɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɚɥɸɦɢɧɢɹ 2,0–9,1. 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚ-
ɬɢɢ 18 Ɇɉɚ, ɋɪɟɞ-
ɧɹɹ ɩɥɨɬɧɨɫɬɶ 1330 
ɤɝ/ɦ3, ȼɨɞɨɩɨɝɥɨ-
ɳɟɧɢɟ 27,3 ɦɚɫ. %, 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡ-
ɦɹɝɱɟɧɢɹ 0,90, Ɇɨ-
ɪɨɡɨɫɬɨɣɤɨɫɬɶ 75 
ɰɢɤɥɨɜ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɚ 1.2. 
Ʉɥɚɫɫ ɇɨɦɟɪ Ⱦɚɬɚ ɐɟɥɶ  ȼɢɞ  
Ɉɬɯɨɞɚ 
Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚ-
ɪɚɦɟɬɪɵ 
ɋɨɫɬɚɜ ɦɚɫɫ. % ɉɨɬɪɟɛɢɬɟɥɶ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ 
C22B1/243  2497958 26.04.2012 ɉɟɪɟɪɚɛɨɬɤɚ 
ɜɬɨɪɢɱɧɵɯ ɭɝ-
ɥɟɪɨɞɫɨɞɟɪɠɚ-
ɳɢɯ ɨɬɯɨɞɨɜ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟ-
ɫɤɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɚɥɸɦɢ-
ɧɢɹ. 
ɒɥɚɦ ɝɚɡɨɨɱɢɫɬɤɢ, 
ɩɵɥɶ ɝɚɡɨɨɱɢɫɬɤɢ, 
ɯɜɨɫɬɵ ɮɥɨɬɚɰɢɢ 
Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ 
ɛɪɢɤɟɬɨɜ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 300 °C. 
ɜɥɚɠɧɨɫɬɶɸ ɧɟ ɛɨ-
ɥɟɟ 10 %,  
ɒɥɚɦ ɝɚɡɨɨɱɢɫɬɤɢ 
25, ɩɵɥɶ ɝɚɡɨɨɱɢ-
ɫɬɤɢ 5, ɯɜɨɫɬɵ 
ɮɥɨɬɚɰɢɢ 25. 
ɉɪɨɱɧɨɫɬɶ 
ɬ/ɨɛɪɚɛɨɬɚɧɧɵɯ 
ɛɪɢɤɟɬɨɜ 85 %, 
ɩɪɨɱɧɨɫɬɶ ɫɵɪɵɯ 
ɛɪɢɤɟɬɨɜ 25 % 
C04B7/42 2393241 24.02.2009 ɉɟɪɟɪɚɛɨɬɤɚ 
ɦɟɥɤɨɞɢɫɩɟɪɫ-
ɧɵɯ ɧɚɬɪɢɣ–
ɮɬɨɪ–
ɭɝɥɟɪɨɞɫɨɞɟɪ-
ɠɚɳɢɯ ɨɬɯɨɞɨɜ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟ-
ɫɤɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɚɥɸɦɢ-
ɧɢɹ. 
ɉɵɥɶ ɷɥɟɤɬɪɨ-
ɮɢɥɶɬɪɨɜ ɫɭɯɨɣ 
ɝɚɡɨɨɱɢɫɬɤɢ, ɲɥɚɦ 
ɝɚɡɨɨɱɢɫɬɤɢ ɩɨɫɥɟ 
ɦɨɤɪɨɣ ɫɬɚɞɢɢ ɩɵ-
ɥɟɝɚɡɨɭɥɚɜɥɢɜɚɧɢɹ, 
ɯɜɨɫɬɵ ɮɥɨɬɚɰɢɢ 
ɭɝɨɥɶɧɨɣ ɩɟɧɵ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɩɟ-
ɤɚɧɢɹ 550–800 °ɋ, 
ɫɨɟɞɢɧɟɧɢɟ F ɜ 
ɫɦɟɫɢ 
0,25 % ɜɟɫ.  
Ɇɟɥɤɨɞɢɫɩɟɪɫɧɵɟ 
ɧɚɬɪɢɣ–ɮɬɨɪ–
ɭɝɥɟɪɨɞɫɨɞɟɪɠɚ-
ɳɢɟ ɨɬɯɨɞɵ ɷɥɟɤ-
ɬɪɨɥɢɬɢɱɟɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸ-
ɦɢɧɢɹ – 30–90 %, 
ɮɬɨɪɢɞ ɤɚɥɶɰɢɹ – 
ɨɫɬɚɥɶɧɨɟ.  
ȼɟɫ. ɫɨɨɬɧɨɲɟɧɢɟ 
Na: F ɜ ɨɬɯ. 0,6, 
ɋɬɟɩɟɧɶ ɜɵɫɨɥɨɨɛ-
ɪɚɡɨɜɚɧɢɹ (Ʉɜ/ɨ) 
779. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɚ 1.2. 
Ʉɥɚɫɫ ɇɨɦɟɪ Ⱦɚɬɚ ɐɟɥɶ  ȼɢɞ  
ɨɬɯɨɞɚ 
Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚ-
ɪɚɦɟɬɪɵ 
ɋɨɫɬɚɜ ɦɚɫɫ. % ɉɨɬɪɟɛɢɬɟɥɶ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ 
C04B35/14 2167125 2001 ɉɨɜɵɲɟɧɢɟ 
ɦɨɪɨɡɨɫɬɨɣɤɨ-
ɫɬɢ ɨɛɠɢɝɨɜɵɯ 
ɢɡɞɟɥɢɣ ɞɨ 75 
ɰɢɤɥɨɜ 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜ-
ɤɚ. 
1.Ɇɢɤɪɨɤɪɟɦɧɟɡɟɦ 
-80-70. 
2.ɉɪɨɫɵɩɶ ɨɬ ɛɨɹ 
ɨɬɪɚɛɨɬɚɧɧɨɣ 
ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜ-
ɤɢ  20-30. 
ȼɥɚɠɧɨɫɬɶ -ɞɨ 
16%. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢ-
ɝɚ -900°ɋ. 
 
Ɋɚɡɦɟɪ ɱɚɫ-
ɬɢɰ(ɛɨɥɟɟ 90%) – 
ɞɨ 1,25ɦɦ. 
ɇɚɫɵɩɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ ɩɪɨɫɵɩɢ ɨɬ 
ɛɨɹ ɭɝɨɥɶɧɨɣ ɮɭɬɟ-
ɪɨɜɤɢ 760ɤɝ/ɦ3 
C04B38/00 2393241 2004 ɍɥɭɱɲɟɧɢɟ ɬɟ-
ɩɥɨɡɚɳɢɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɢɡɞɟɥɢɣ ɢ ɫɧɢ-
ɠɟɧɢɟ ɢɯ ɦɚɬɟ-
ɪɢɚɥɨɟɦɤɨɫɬɢ. 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜ-
ɤɚ. 
1.Ɇɢɤɪɨɤɪɟɦɧɟɡɟɦ 
24,5-32. 
2.ȼɵɫɨɤɨɤɚɥɶɰɢɟɜɚ
ɹ ɡɨɥɚ-ɭɧɨɫ 60-65. 
3.ɉɪɨɫɵɩɶ ɨɬ ɛɨɹ 
ɨɬɪɚɛɨɬɚɧɧɨɣ 
ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜ-
ɤɢ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
5-7 
4.ɋɭɥɶɮɚɬɧɨɟ ɦɵ-
ɥɨ 3-3,5.. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲ-
ɤɢ - 60-80°ɋ ɞɨ ɩɨ-
ɫɬɨɹɧɧɨɣ ɦɚɫɫɵ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢ-
ɝɚ- 1000°ɋ 
 
ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ- 
1120-1460ɤɝ/ɦ3. 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɫɠɚɬɢɢ ɩɨɫɥɟ ɨɛ-
ɠɢɝɚ-11,4-21,3Ɇɉɚ. 
Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ -
0,468 
0,648ȼɬ/(ɦ°Ʉ). 
ɄɄɄ×10-2- 
1,02-
1,54Ɇɉɚ/(ɤɝ/ɦ3). 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2. 
Ʉɥɚɫɫ ɇɨɦɟɪ Ⱦɚɬɚ ɐɟɥɶ  ȼɢɞ  
ɨɬɯɨɞɚ 
Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɋɨɫɬɚɜ ɦɚɫɫ. % ɉɨɬɪɟɛɢɬɟɥɶ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ 
C04B35/16, 
C04B38/06 
2263087 2005 ɋɧɢɠɟɧɢɟ 
ɫɪɟɞɧɟɣ 
ɩɥɨɬɧɨɫɬɢ ɢ 
ɦɚɬɟɪɢɚɥɨ-
ɟɦɤɨɫɬɢ ɢɡ-
ɞɟɥɢɣ. 
 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ ɮɭ-
ɬɟɪɨɜɤɚ. 
1.Ɂɨɥɚ-ɭɧɨɫ 50,0-53,3. 
2.Ɇɢɤɪɨɤɪɟɦɧɟɡɟɦ 
8,81-9,37. 
3.Ⱥɥɥɸɦɢɧɢɟɜɚɹ ɩɭɞɪɚ 0,06-
0,072. 
4.ɍɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɚ 3,12-
8,60. 
5.Ʉɚɪɛɨɤɫɢɦɟɬɢɥɰɟɥɥɸɥɨɡɚ 
ɧɚɬɪɢɹ 0,02-0,31. 
6.ȼɨɞɚ33,8-35,07. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲɤɢ- 
100°ɋ ɞɨ ɩɨɫɬɨɹɧ-
ɧɨɣ ɦɚɫɫɵ. Ɍɟɦɩɟ-
ɪɚɬɭɪɚ ɨɛɠɢɝɚ- 
800°ɋ. 
ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ- 
900-1500ɤɝ/ɦ3. 
Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ- 
0,353-0,670ȼɬ/(ɦ 
°ɋ). 
C04B35/14 2399599 2010 ɉɨɜɵɲɟɧɢɟ 
ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɫɠɚɬɢɢ 
ɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɤɨɧɫɬ-
ɪɭɤɬɢɜɧɨɝɨ 
ɤɚɱɟɫɬɜɚ. 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ ɮɭ-
ɬɟɪɨɜɤɚ. 
1.Ɇɢɤɪɨɤɪɟɦɧɟɡɟɦ 
84,2-84,8. 
2.ɉɪɨɫɵɩɶ ɨɬ ɛɨɹ ɨɬɪɚɛɨɬɚɧ-
ɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɷɥɟɤ-
ɬɪɨɥɢɡɟɪɨɜ 14,8-15,0. 
3.Ʉɢɫɥɨɬɵ ɠɢɪɧɵɟ ɬɚɥɥɨɜɵɟ 
ɨɦɵɥɟɧɧɵɟ (ɄɀɌɈ) 0,2-1,0. 
ȼɥɚɠɧɨɫɬɶ- ɞɨ 23-
23,8%. Ⱦɚɜɥɟɧɢɟ 
ɩɪɟɫɫɨɜɚɧɢɹ- 20 
Ɇɉɚ.Ɍɟɦɩɟɪɚɬɭɪɚ 
ɫɭɲɤɢ- 100-110°ɋ 
ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫ-
ɫɵ.Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛ-
ɠɢɝɚ- 850-900°ɋ. 
ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ- 
1,075-1,2ɝ/ɫɦ3. 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɫɠɚɬɢɢ-8,2 
14,6Ɇɉɚ. ȼɨɞɨɩɨ-
ɝɥɨɳɟɧɢɟ 19,1-
26,9%. ɄɄɄ×10-2- 
0,76-,22Ɇɉɚ/(ɤɝ/ɦ3) 
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1.4.1 Ɋɚɫɱɟɬ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ 
 
Ⱥɥɝɨɪɢɬɦ ɩɪɨɜɟɞɟɧɢɹ ɩɚɬɟɧɬɧɨɝɨ ɩɨɢɫɤɚ 
 
əɧɞɟɤɫ  
 
Ɏɂɉɋ 
 
ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɩɨɢɫɤɨɜɚɹ ɫɢɫɬɟɦɚ 
 
ɉɚɬɟɧɬɧɵɣ ɞɨɤɭɦɟɧɬ ɊɎ (ɪɭɫ.) 
 
Ɋɟɮɟɪɚɬɵ ɪɨɫɫɢɣɫɤɢɯ ɢɡɨɛɪɟɬɟɧɢɣ 
 
Ɋɢɫɭɧɨɤ 1.4 – Ⱥɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɪɟɮɟɪɚɬɨɜ ɢɡɨɛɪɟɬɟɧɢɹ 
 
Ɂɚɞɚɱɟɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɧɵɯ ɪɚɛɨɬ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟ-
ɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɢ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ. 
Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3. 
 
Ɍɚɛɥɢɰɚ 1.3 – Ɂɧɚɱɟɧɢɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜɨ ɜɪɟɦɟɧɢ 
ɇɚɢɦɟɧɨɜɚɧɢɹ ɩɨɤɚ-
ɡɚɬɟɥɹ ɢ ɟɞɢɧɢɰɵ ɢɡ-
ɦɟɪɟɧɢɹ 
 
Ɂɧɚɱɟɧɢɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 
Ƚɨɞɚ 
 
2008 2012 2012 2013 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚ-
ɬɢɢ, Ɇɉɚ  17,8 22,5 18 30,4 
Ɇɨɪɨɡɨɫɬɨɣɤɨɫɬɶ, 
ɰɢɤɥ 52 114 75  
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Ɋɚɫɱɟɬ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ: 
− ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ; 
− ɦɟɬɨɞɨɦ ɝɢɫɬɨɝɪɚɦɦ. 
 
1.4.2 Ɋɚɫɱɟɬ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 
 
                 (1.1) 
 
ɝɞɟ Pi – ɡɧɚɱɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɧɚ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ti; 
      P0 – ɡɧɚɱɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɧɚ ɢɫɯɨɞɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ (ɧɨ-
ɦɟɪ ɝɨɞɚ), ɪɚɜɧɨɟ ti = 1, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ: 
 
,               (1.2) 
 
ɝɞɟ К – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ Ɋ ɜɨ ɜɪɟɦɟɧɢ. 
 
ɉɪɨɢɡɜɨɞɧɚɹ ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
           (1.3) 
ɝɞɟ ti  – ɧɨɦɟɪ ɝɨɞɚ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɪɚɡɧɨɫɬɢ ɥɟɬ ɨɬ ɢɫɯɨɞɧɨɝɨ ɝɨɞɚ, ɞɥɹ ɤɨ-
ɬɨɪɨɝɨ ti = 1; 
      n – ɱɢɫɥɨ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɨɛɴɟɤɬɨɜ – ɚɧɚɥɨɝɨɜ. 
 
Ɍɚɛɥɢɰɚ 1.4 – Ɂɧɚɱɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ 
ti 1 4 4 6 15 
Pi 17,8 22,5 18 30,4 88,7 
Pi · ti 17,8 90 72 182,4 362,2 
36 
 
ti
2 1 16 16 36 69 
 
 
 
 
 
ɋɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɹ ɩɪɨɱɧɨɫɬɢ ɨɬ ɧɨɦɟɪɚ ɝɨɞɚ ɜ ɜɢɞɟ ɩɪɹɦɨɣ 
 
 
 
 
Ɋɢɫɭɧɨɤ 1.4 – ɂɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɜɨ ɜɪɟɦɟɧɢ 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɜɨɞɢɦ ɪɚɫɱɟɬɵ ɩɨ ɜɬɨɪɨɦɭ ɩɨɬɪɟɛɢɬɟɥɶɫɤɨɦɭ ɫɜɨɣɫɬɜɭ 
ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ. 
ȼ ɬɚɛɥɢɰɟ 1.5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɢɡɦɟɧɟɧɢɹ ɦɨɪɨɡɨɫɬɨɣ-
ɤɨɫɬɢ. 
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Ɍɚɛɥɢɰɚ 1.5 – Ɂɧɚɱɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ 
ti 1 4 4 9 
Ni 52 114 75 241 
Ni · ti 52 456 300 808 
ti
2 1 16 16 33 
 
  
 
  
 
ɋɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɹ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ ɨɬ ɧɨɦɟɪɚ ɝɨɞɚ ɜ ɜɢɞɟ 
ɩɪɹɦɨɣ   
 
 
 
Ɋɢɫɭɧɨɤ 1.5 – ɂɡɦɟɧɟɧɢɟ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ 
 
ɂɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɩɚɬɟɧɬɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɢɫɤɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵ-
ɜɨɞ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɥɢɹɧɢɹ ɨɬɯɨɞɨɜ ɚɥɸ-
ɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ 
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ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜ ɩɨɢɫɤɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɭɬɢɥɢɡɚɰɢɢ ɞɚɧɧɨ-
ɝɨ ɨɬɯɨɞɚ. ɂɡ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɩɨ ɪɢɫɭɧɤɚɦ 1.4 ɢ 1.5 ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɢ ɦɨɪɨɡɨɫɬɨɣ-
ɤɨɫɬɶ). ɑɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɚ ɜ ɤɚɱɟɫɬ-
ɜɟ ɬɨɩɥɢɜɧɨɣ ɢ ɦɢɧɟɪɚɥɢɡɭɸɳɟɣ ɞɨɛɚɜɤɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡ-
ɞɟɥɢɣ. 
ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ: 
1. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ ɱɬɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɟɧɨɜɵɯ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɢɫɬɨɳɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧ-
ɧɨɝɨ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ. ɇɟɨɛɯɨɞɢɦ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɵɪɶɟɜɵɯ ɢɫɬɨɱɧɢ-
ɤɨɜ. 
2. ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɟɠɟɝɨɞɧɨ ɨɛɪɚɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɚɥɸɦɢɧɢɟɜɨɦ ɡɚɜɨɞɟ 
ɟɠɟɝɨɞɧɨ ɨɛɪɚɡɭɟɬɫɹ 31 ɬɵɫ. ɬɨɧɧ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ, 20 ɬɵɫ. ɬɨɧɧ ɨɬɯɨ-
ɞɨɜ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ, 43 ɬɵɫ. ɬɨɧɧ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ 
ɮɭɬɟɪɨɜɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɭɬɢɥɢɡɚɰɢɢ ɢ ɩɟɪɟɪɚ-
ɛɨɬɤɢ ɷɬɢɯ ɨɬɯɨɞɨɜ.  
3. ɉɪɨɜɟɞɟɧɧɵɣ ɩɚɬɟɧɬɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɢɫɤ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ 
ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɜ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ.  
4. ɂɡ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɪɟɛɢ-
ɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɢ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬ-
ɜɭɟɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɧɨɣ ɢ ɦɢɧɟɪɚ-
ɥɢɡɭɸɳɟɣ ɞɨɛɚɜɤɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 
 
  
39 
 
2 ɆȿɌɈȾɂɑȿɋɄȺə ɑȺɋɌɖ 
 
2.1 ɉɨɥɭɱɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
 
ɉɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: 
– ɩɨɞɝɨɬɨɜɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ; 
– ɮɨɪɦɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ; 
– ɫɭɲɤɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ; 
– ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɛɠɢɝ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. 
 
2.1.1 ɉɨɞɝɨɬɨɜɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ: ɝɥɢɧɭ Ʉɭɛɟ-
ɤɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ; ɝɥɢɧɭ Ʉɨɧɬɚɬɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚ-
ɜɨɤ ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɂɫɯɨɞɧɵɟ ɫɵɪɶɟɜɵɟ ɦɚɬɟɪɢɚɥɵ ɩɟɪ-
ɜɨɧɚɱɚɥɶɧɨ ɢɡɦɟɥɶɱɚɥɢ ɜ ɳɟɤɨɜɨɣ ɞɪɨɛɢɥɤɟ ɓȾ 6 ɞɨ ɤɪɭɩɧɨɫɬɢ ɦɟɧɟɟ 1ɦɦ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚ-
ɜɚ ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɲɢɯɬɵ ɜɡɜɟɲɢɜɚɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɜɟɫɚɯ 
VIBRA AJH–220 CE ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. Ɂɚɬɟɦ ɫɵɪɶɟ-
ɜɭɸ ɫɦɟɫɶ ɭɜɥɚɠɧɹɥɢ ɞɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 21 ɦɚɫɫ.% ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 
ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɨɫɭɞɟ. Ƚɥɢɧɹɧɨɟ ɬɟɫɬɨ ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɫɨɫɬɚɜɚ ɢ ɜɥɚɠɧɨɫɬɢ ɜɵ-
ɥɟɠɢɜɚɥɨɫɶ ɜ ɬɟɱɟɧɢɟ 2 ɫɭɬɨɤ. 
 
2.1.2 Ɏɨɪɦɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ 
 
Ɏɨɪɦɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɩɥɚɫɬɢɱɟɫɤɨɝɨ 
ɮɨɪɦɨɜɚɧɢɹ ɜ ɩɪɟɫɫ-ɮɨɪɦɟ, ɞɚɜɥɟɧɢɟ 0,7–0,9 Ɇɉɚ, ɫ ɩɨɥɭɱɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɮɨɪɦɟ ɰɢɥɢɧɞɪɨɜ ɞɢɚɦɟɬɪɨɦ ɢ ɜɵɫɨɬɨɣ 5 ɫɦ. 
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2.1.3 ɋɭɲɤɚ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɛɠɢɝ 
 
ɋɭɲɤɭ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɞɨ ɨɫɬɚɬɨɱɧɨɣ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 5 ɦɚɫɫ.%. 
Ɉɛɠɢɝ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ SNOL 30/1300, ɩɨ ɪɟ-
ɠɢɦɚɦ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɠɢɝɚ 900–1000 °ɋ, 
ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 5 ɝɪɚɞ/ɦɢɧ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɜ ɩɟɱɢ ɢɫɫɥɟɞɨ-
ɜɚɥɢ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 
ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɰɵ ɨɫɬɵɜɚɥɢ ɜ ɩɟɱɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɵ. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɠɢɦɵ ɨɛɠɢɝɚ, ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ 
2 ɱɚɫɚ (ɪɢɫɭɧɨɤ 2.1) ɢ 4 ɱɚɫɚ (ɪɢɫɭɧɨɤ 2.2) [32]. 
.  
Ɋɢɫɭɧɨɤ 2.1 – Ɋɟɠɢɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ, ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵ-
ɞɟɪɠɤɢ 2 ɱɚɫɚ 
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Ɋɢɫɭɧɨɤ 2.2 – Ɋɟɠɢɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ, ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵ-
ɞɟɪɠɤɢ 4 ɱɚɫɚ 
 
2.1.4 Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɲɥɢɮɨɜ 
 
Ɇɟɬɨɞ ɢɡɝɨɬɨɜɥɟɧɢɹ ɲɥɢɮɨɜ ɡɚɜɢɫɢɬ ɨɬ ɰɟɥɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɧɢ ɞɟɥɚɸɬ-
ɫɹ. ɋɬɚɧɞɚɪɬɧɵɟ ɲɥɢɮɵ ɦɚɫɫɨɜɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɥɚɛɨɪɚɬɨɪɢ-
ɹɯ. ɋɟɣɱɚɫ ɞɥɹ ɷɬɨɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹ-
ɟɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ. 
ɂɡɝɨɬɨɜɥɟɧɢɟ ɲɥɢɮɨɜ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ: 
– ɩɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɚ: ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡ ɧɟɝɨ ɩɥɚɫɬɢɧɵ ɩɨɞɯɨɞɹɳɟɝɨ ɪɚɡ-
ɦɟɪɚ. 
– ɲɥɢɮɨɜɤɚ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ, ɤ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɪɢɤɥɟɟɧɨ ɫɬɟɤɥɨ. 
Ɉɛɵɱɧɨ ɟё ɲɥɢɮɭɸɬ ɧɚ ɧɟ ɫɢɥɶɧɨ ɦɟɥɤɨɦ ɩɨɪɨɲɤɟ, ɬɚɤ ɤɚɤ ɫɥɚɛɚɹ ɲɟɪɨɯɨɜɚ-
ɬɨɫɬɶ ɫɝɥɚɠɢɜɚɟɬɫɹ ɛɚɥɶɡɚɦɨɦ ɢ ɧɟ ɦɟɲɚɟɬ ɢɡɭɱɟɧɢɸ. 
– ɩɨɞɝɨɬɨɜɤɚ ɫɬɟɤɥɚ. ɋɬɟɤɥɨ ɞɨɥɠɧɨ ɛɵɬɶ ɫɨɜɟɪɲɟɧɧɨ ɪɨɜɧɨɟ, ɫɬɨɪɨɧɚ, ɧɚ 
ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɤɥɟɢɬɶɫɹ ɲɥɢɮ, ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɢɲɥɢɮɨɜɚɧɚ ɧɚ ɤɪɭɩɧɨɦ ɩɨɪɨɲ-
ɤɟ ɞɨ ɩɪɢɞɚɧɢɹ ɟɣ ɦɚɬɨɜɨɝɨ ɛɥɟɫɤɚ. ɗɬɨ ɧɭɠɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɲɥɢɮ ɧɟ ɨɬ-
ɤɥɟɢɜɚɥɫɹ. 
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– ɩɪɢɤɥɟɢɜɚɧɢɟ ɨɛɪɚɡɰɚ ɤ ɫɬɟɤɥɭ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ ɢɡɛɟɠɚɬɶ ɡɚɯɜɚɬɚ ɩɭ-
ɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ. 
– ɲɥɢɮɨɜɤɚ ɨɛɪɚɡɰɚ ɞɨ ɬɨɥɳɢɧɵ, ɛɥɢɡɤɨɣ ɤ ɫɬɚɧɞɚɪɬɧɨɣ. 
– ɞɨɜɨɞɤɚ ɲɥɢɮɚ ɞɨ ɫɬɚɧɞɚɪɬɧɨɣ ɢ ɨɞɢɧɚɤɨɜɨɣ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɬɨɥɳɢ-
ɧɵ. Ɍɨɥɳɢɧɚ ɲɥɢɮɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɧɚ ɩɟɬɪɨɝɪɚɮɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ. ɗɬɨ ɫɚ-
ɦɚɹ ɬɪɭɞɨёɦɤɚɹ ɪɚɛɨɬɚ, ɬɪɟɛɭɸɳɚɹ ɨɩɵɬɚ ɢ ɥёɝɤɨɣ ɪɭɤɢ. 
 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟ-
ɪɢɚɥɨɜ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɞɪ. ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɭɱɟɬɨɦ ȽɈɋɌɚ 530–2012 «Ʉɢɪɩɢɱ ɢ ɤɚɦɟɧɶ ɤɟɪɚɦɢɱɟɫɤɢɟ. 
Ɉɛɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ» [8]. 
 
2.2.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ 
 
Кɢɪɩɢɱ: Ʉɟɪɚɦɢɱɟɫɤɨɟ ɲɬɭɱɧɨɟ ɢɡɞɟɥɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ 
ɤɥɚɞɨɤ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɬɜɨɪɚɯ. Ʉɢɪɩɢɱ ɧɨɪɦɚɥɶɧɨɝɨ ɮɨɪɦɚɬɚ (ɨɞɢɧɚɪɧɵɣ) 
ɷɬɨ ɢɡɞɟɥɢɟ ɜ ɮɨɪɦɟ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɧɨɦɢɧɚɥɶɧɵɦɢ ɪɚɡɦɟ-
ɪɚɦɢ 250ɯ120ɯ65 ɦɦ. Ʉɢɪɩɢɱɢ ɪɚɡɞɟɥɹɸɬ ɧɚ: 
– ɤɢɪɩɢɱ ɩɨɥɧɨɬɟɥɵɣ; 
– ɤɢɪɩɢɱ ɩɭɫɬɨɬɟɥɵɣ; 
– ɮɚɫɨɧɧɵɣ ɤɢɪɩɢɱ; 
– ɤɢɪɩɢɱ ɤɥɢɧɤɟɪɧɵɣ; 
– ɤɢɪɩɢɱ ɥɢɰɟɜɨɣ; 
– ɤɢɪɩɢɱ ɪɹɞɨɜɨɣ. 
Ʉɢɪɩɢɱ ɩɨɥɧɨɬɟɥɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɡɞɟɥɢɟ, ɜ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ 
ɩɭɫɬɨɬɵ ɢɥɢ ɫ ɩɭɫɬɨɬɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 13 %. Ʉɢɪɩɢɱ ɩɭɫɬɨɬɟɥɵɣ ɷɬɨ ɢɡɞɟɥɢɟ, 
ɢɦɟɸɳɟɟ ɩɭɫɬɨɬɵ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ. Ɏɚɫɨɧɧɵɣ ɤɢɪɩɢɱ ɢɦɟɟɬ ɮɨɪ-
ɦɭ, ɨɬɥɢɱɚɸɳɭɸɫɹ ɨɬ ɮɨɪɦɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. Ʉɢɪɩɢɱ ɤɥɢɧ-
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ɤɟɪɧɵɣ ɷɬɨ ɢɡɞɟɥɢɟ, ɢɦɟɸɳɟɟ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɧɢɡɤɨɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɚɞɤɢ ɜ ɫɢɥɶɧɨ ɚɝɪɟɫɫɢɜ-
ɧɨɣ ɫɪɟɞɟ ɢ ɜɵɩɨɥɧɹɸɳɟɟ ɮɭɧɤɰɢɢ ɞɟɤɨɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ʉɢɪɩɢɱ ɥɢɰɟɜɨɣ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɡɞɟɥɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ɤɥɚɞɤɢ ɢ ɜɵɩɨɥɧɹɸɳɟɟ ɮɭɧɤɰɢɢ ɞɟɤɨɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ʉɢɪɩɢɱ ɪɹɞɨɜɨɣ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɚɞɤɢ [8]. 
Ʉɢɪɩɢɱɢ ɞɨɥɠɧɵ ɢɡɝɨɬɚɜɥɢɜɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɧɚ-
ɫɬɨɹɳɟɝɨ ɫɬɚɧɞɚɪɬɚ ɢ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ, ɭɬɜɟɪɠɞɟɧɧɨɦɭ ɩɪɟɞ-
ɩɪɢɹɬɢɟɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
 
2.2.2 ȼɧɟɲɧɢɣ ɜɢɞ 
 
Ʌɢɰɟɜɵɟ ɢɡɞɟɥɢɹ ɞɨɥɠɧɵ ɢɦɟɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ–
ɥɨɠɤɨɜɭɸ ɢ ɬɵɱɤɨɜɭɸ. ɐɜɟɬ ɢ ɜɢɞ ɥɢɰɟɜɨɣ ɝɪɚɧɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɨ ɫɨɝɥɚɫɨɜɚ-
ɧɢɸ ɦɟɠɞɭ ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɢ ɩɨɬɪɟɛɢɬɟɥɟɦ ɢ ɨɝɨɜɚɪɢɜɚɸɬ ɜ ɞɨɤɭɦɟɧɬɟ ɧɚ ɩɨ-
ɫɬɚɜɤɭ. Ɋɹɞɨɜɵɟ ɢɡɞɟɥɢɹ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɫ ɝɥɚɞɤɢɦɢ ɢɥɢ ɪɟɥɶɟɮɧɵɦɢ ɜɟɪɬɢ-
ɤɚɥɶɧɵɦɢ ɝɪɚɧɹɦɢ. Ʌɢɰɟɜɵɟ ɤɢɪɩɢɱ ɢ ɤɚɦɟɧɶ ɩɨ ɜɢɞɭ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ-
ɝɨɬɚɜɥɢɜɚɸɬ ɫ:  
– ɝɥɚɞɤɨɣ ɢ ɪɟɥɶɟɮɧɨɣ ɩɨɜɟɪɯɧɨɫɬɹɦɢ;  
– ɩɨɜɟɪɯɧɨɫɬɶɸ, ɨɮɚɤɬɭɪɟɧɧɨɣ ɬɨɪɤɪɟɬɢɪɨɜɚɧɢɟɦ, ɚɧɝɨɛɢɪɨɜɚɧɢɟɦ, ɝɥɚ-
ɡɭɪɨɜɚɧɢɟɦ, ɞɜɭɯɫɥɨɣɧɵɦ ɮɨɪɦɨɜɚɧɢɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ [8]. 
ɂɡɞɟɥɢɹ ɦɨɝɭɬ ɛɵɬɶ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɰɜɟɬɚ ɢɥɢ ɨɛɴɟɦɧɨ ɨɤɪɚɲɟɧɧɵɦɢ 
ɇɚ ɥɢɰɟɜɵɯ ɢɡɞɟɥɢɹɯ ɞɨɩɭɫɤɚɸɬɫɹ ɟɞɢɧɢɱɧɵɟ ɜɫɩɭɱɢɜɚɸɳɢɟɫɹ (ɧɚɩɪɢ-
ɦɟɪ, ɢɡɜɟɫɬɤɨɜɵɟ) ɜɤɥɸɱɟɧɢɹ ɝɥɭɛɢɧɨɣ ɧɟ ɛɨɥɟɟ 3 ɦɦ, ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ ɧɟ ɛɨ-
ɥɟɟ 0,2% ɩɥɨɳɚɞɢ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ. 
ɇɚ ɪɹɞɨɜɵɯ ɢɡɞɟɥɢɹɯ ɞɨɩɭɫɤɚɸɬɫɹ ɜɫɩɭɱɢɜɚɸɳɢɟɫɹ ɜɤɥɸɱɟɧɢɹ ɨɛɳɟɣ 
ɩɥɨɳɚɞɶɸ ɧɟ ɛɨɥɟɟ 1,0 % ɩɥɨɳɚɞɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɝɪɚɧɟɣ ɢɡɞɟɥɢɹ. ɇɚ ɥɢɰɟɜɵɯ ɢ 
ɤɥɢɧɤɟɪɧɵɯ ɢɡɞɟɥɢɹɯ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ ɜɵɫɨɥɵ [8]. 
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2.2.3 Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɢɪɩɢɱɚ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɤɚ-
ɡɚɬɟɥɹɦ, ɭɤɚɡɚɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 2.1 [8]. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɢɪɩɢɱɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 
ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ, % 
Ɉɛɥɢɰɨɜɨɱɧɵɣ ɤɢɪɩɢɱ  
ɧɟ ɦɟɧɟɟ 
ɧɟ ɛɨɥɟɟ 
Ɋɹɞɨɜɨɣ ɤɢɪɩɢɱ 
ɧɟ ɦɟɧɟɟ 
ɧɟ ɛɨɥɟɟ 
 
 
6 
12 
 
6 
– 
Ɇɨɪɨɡɨɫɬɨɣɤɨɫɬɶ, ɰɢɤɥɵ, ɧɟ ɦɟɧɟɟ 50 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ, Ɇɉɚ (ɤɝɫ/ɫɦ²), ɧɟ ɦɟɧɟɟ 15 (150) 
 
2.3 Ɇɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ 
 
Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɨɩɪɟɞɟɥɹɸɬ ɫ ɩɨɦɨ-
ɳɶɸ ȽɈɋɌɚ 7025–91 «Ʉɢɪɩɢɱ ɢ ɤɚɦɧɢ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɫɢɥɢɤɚɬɧɵɟ. Ɇɟɬɨɞɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ, ɩɥɨɬɧɨɫɬɢ ɢ ɤɨɧɬɪɨɥɹ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ» [9]. 
Ɋɚɡɦɟɪɵ ɢɡɞɟɥɢɣ, ɬɨɥɳɢɧɭ ɧɚɪɭɠɧɵɯ ɫɬɟɧɨɤ, ɞɢɚɦɟɬɪ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ 
ɩɭɫɬɨɬ, ɪɚɡɦɟɪɵ ɤɜɚɞɪɚɬɧɵɯ ɢ ɲɢɪɢɧɭ ɳɟɥɟɜɢɞɧɵɯ ɩɭɫɬɨɬ, ɞɥɢɧɭ ɩɨɫɟɱɟɤ, 
ɞɥɢɧɭ ɨɬɛɢɬɨɫɬɟɣ ɪɟɛɟɪ, ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɫɦɟɠɧɵɯ ɝɪɚɧɟɣ ɢ ɝɥɭɛɢɧɭ ɮɚɫɤɢ 
ɧɚ ɪɟɛɪɚɯ ɢɡɦɟɪɹɸɬ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɥɢɧɟɣɤɨɣ ɩɨ ȽɈɋɌ 427 ɢɥɢ ɲɬɚɧɝɟɧɰɢɪɤɭ-
ɥɟɦ ɩɨ ȽɈɋɌ 166. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ – ±1 ɦɦ. 
Ⱦɥɢɧɭ, ɲɢɪɢɧɭ ɢ ɬɨɥɳɢɧɭ ɤɚɠɞɨɝɨ ɢɡɞɟɥɢɹ ɢɡɦɟɪɹɸɬ ɩɨ ɤɪɚɹɦ (ɧɚ ɪɚɫ-
ɫɬɨɹɧɢɢ 15 ɦɦ ɨɬ ɭɝɥɚ) ɢ ɜ ɫɟɪɟɞɢɧɟ ɪɟɛɟɪ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɝɪɚɧɟɣ. Ɂɚ ɪɟɡɭɥɶ-
ɬɚɬ ɢɡɦɟɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɬɪɟɯ ɢɡɦɟɪɟɧɢɣ [9]. 
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2.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɚɞɤɢ 
 
Вɨɡɞуɲɧɚɹ ɥɢɧɟɣɧɚɹ уɫɚɞɤɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟ-
ɪɨɜ ɨɛɪɚɡɰɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɭɲɤɢ ɩɨ ɮɨɪɦɭɥɟ: 
 
                (2.1) 
 
ɝɞɟ  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɟɬɤɚɦɢ ɧɚ ɨɬɮɨɪɦɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ, ɦɦ; 
       – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɟɬɤɚɦɢ ɧɚ ɨɛɪɚɡɰɚɯ ɩɨɫɥɟ ɫɭɲɤɢ, ɦɦ [33].  
 
Вɨɡɞуɲɧɚɹ уɫɚɞɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
,               ( 2.2) 
 
ɝɞɟ  – ɨɛɴɟɦ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɮɨɪɦɨɜɚɧɢɹ, ; 
        – ɨɛɴɟɦ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɫɭɲɤɢ, . 
Ɉɛɳуɸ ɢ ɨɝɧɟɜуɸ ɥɢɧɟɣɧɵɟ уɫɚɞɤɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɥɢɧɟɣɧɵɯ 
ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɨ ɮɨɪɦɭɥɟ: 
 
                (2.3) 
 
ɝɞɟ  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɟɬɤɚɦɢ ɧɚ ɫɜɟɠɟɫɮɚɪɦɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ, ɦɦ; 
       – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɟɬɤɚɦɢ ɨɪɚɡɰɨɜ ɩɨɫɥɟ ɨɛɠɢɝɚ, ɦɦ [33]. 
 
                 (2.4) 
 
Ɉɛɳɚɹ ɢ ɨɝɧɟɜɚɹ ɨɛɴɟɦɧɵɟ уɫɚɞɤɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɢɡɦɟɧɹɟɦɵɦ ɪɚɡɦɟɪɚɦ 
ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. 
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,                (2.5) 
 
ɝɞɟ  – ɨɛɴɟɦ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɮɨɪɦɨɜɚɧɢɹ, ; 
       – ɨɛɴɟɦ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɨɛɠɢɝɚ,  [33]; 
 
                  (2.6) 
 
2.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 
 
ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɤɚɠɭɳɭɸɫɹ ɩɥɨɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɛ ɧɟɨɛɯɨɞɢɦɨ 
ɡɧɚɬɶ ɢɯ ɨɛɴɟɦ ɢ ɦɚɫɫɭ. Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ ɧɚɣɞɟɦ ɤɚɠɭɳɭɸɫɹ ɩɥɨɬɧɨɫɬɶ ɤɚɠ-
ɞɨɝɨ ɨɛɪɚɡɰɚ: 
 
                  (2.7) 
 
ɝɞɟ m – ɦɚɫɫɚ ɨɛɪɚɡɰɨɜ, ɝ; 
      V – ɨɛɴɟɦ ɨɛɪɚɡɰɨɜ, ɫɦ3 [9]. 
 
2.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ 
 
Ɉɛɪɚɡɰɵ ɜɵɫɭɲɢɜɚɸɬ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (110±5)°ɋ, 
ɨɯɥɚɠɞɚɸɬ ɢ ɜɡɜɟɲɢɜɚɸɬ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 0,01 ɝ. ȽɈɋɌɨɦ ɞɨɩɭɫɤɚɟɬɫɹ 
ɧɟ ɜɵɫɭɲɢɜɚɬɶ ɨɛɪɚɡɰɵ, ɜɡɹɬɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɨɛɠɢɝɚ. Ɉɛɪɚɡɰɵ ɩɨ-
ɦɟɳɚɸɬ ɜ ɟɦɤɨɫɬɶ ɞɥɹ ɤɢɩɹɱɟɧɢɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɫɟɬɤɭ ɢɥɢ ɩɪɨɜɨɥɨɱɧɭɸ 
ɩɨɞɫɬɚɜɤɭ ɬɚɤ, ɱɬɨɛɵ ɨɧɢ ɧɟ ɫɨɩɪɢɤɚɫɚɥɢɫɶ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. Ɂɚɬɟɦ ɧɚɥɢɜɚɸɬ ɜɨ-
ɞɭ, ɭɪɨɜɟɧɶ ɤɨɬɨɪɨɣ ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɲɟ ɨɛɪɚɡɰɨɜ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 50 ɦɦ. ȼɨɞɭ 
ɞɨɜɨɞɹɬ ɞɨ ɤɢɩɟɧɢɹ ɢ ɜɵɞɟɪɠɢɜɚɸɬ ɨɛɪɚɡɰɵ ɜ ɤɢɩɹɳɟɣ ɜɨɞɟ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ. 
ȼ ɩɪɨɰɟɫɫɟ ɤɢɩɹɱɟɧɢɹ ɜɨɞɭ ɞɨɥɢɜɚɸɬ, ɱɬɨɛɵ ɟɟ ɭɪɨɜɟɧɶ ɛɵɥ ɜɵɲɟ ɨɛɪɚɡɰɨɜ. 
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Ɂɚɬɟɦ ɨɛɪɚɡɰɵ ɨɫɬɚɜɥɹɸɬ ɜ ɬɨɣ ɠɟ ɜɨɞɟ ɧɚ 4 ɱ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ. ɉɨɫɥɟ ɧɚɫɵɳɟ-
ɧɢɹ ɨɛɪɚɡɰɨɜ ɜɨɞɨɣ ɢɯ ɢɡɜɥɟɤɚɸɬ ɢɡ ɜɨɞɵ, ɩɪɨɬɢɪɚɸɬ ɜɥɚɠɧɨɣ ɦɹɝɤɨɣ ɬɤɚɧɶɸ 
ɢɥɢ ɝɭɛɤɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɟɥɶ ɜɥɚɝɢ ɢ ɜɡɜɟɲɢɜɚɸɬ. Ɋɟɡɭɥɶɬɚɬɵ 
ɜɡɜɟɲɢɜɚɧɢɹ ɨɤɪɭɝɥɹɸɬ ɞɨ 0,1 ɝ [9]. 
ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 
,                (2.8) 
 
ɝɞɟ m1 – ɦɚɫɫɚ ɨɛɪɚɡɰɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɨɣ, ɝ; 
      m – ɦɚɫɫɚ ɜɵɫɭɲɟɧɧɨɝɨ ɨɛɪɚɡɰɚ, ɝ. 
Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɹ ɨɤɪɭɝɥɹɸɬ ɞɨ 0,1 %. 
 
2.3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ ɩɨ ɫɬɟɩɟɧɢ ɩɨɜɪɟɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ 
ɰɟɥɵɟ ɧɟɩɨɜɪɟɠɞɟɧɧɵɟ ɤɢɪɩɢɱɢ. 
Ɉɛɪɚɡɰɵ ɧɚɫɵɳɚɸɬ ɜɨɞɨɣ ɬɚɤɢɦ ɠɟ ɫɩɨɫɨɛɨɦ, ɱɬɨ ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɨ-
ɞɨɩɨɝɥɨɳɟɧɢɹ. 
ɇɚɫɵɳɟɧɧɵɟ ɨɛɪɚɡɰɵ ɩɨɦɟɳɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ ɬɚɤ, ɱɬɨɛɵ ɨɧɢ ɧɟ ɫɨɩɪɢɤɚ-
ɫɚɥɢɫɶ. ɉɪɢ ɪɚɡɦɟɳɟɧɢɢ ɨɛɪɚɡɰɨɜ ɜ ɧɟɫɤɨɥɶɤɨ ɪɹɞɨɜ ɩɨ ɜɵɫɨɬɟ ɨɬɞɟɥɶɧɵɟ ɪɹɞɵ 
ɪɚɡɞɟɥɹɸɬ ɩɪɨɤɥɚɞɤɚɦɢ ɜɵɫɨɬɨɣ ɧɟ ɦɟɧɟɟ 20 ɦɦ [9]. 
Ɉɛɳɢɣ ɨɛɴɟɦ ɤɨɧɬɟɣɧɟɪɚ ɫ ɨɛɪɚɡɰɚɦɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 50 % ɨɛɴɟɦɚ 
ɦɨɪɨɡɢɥɶɧɨɣ ɤɚɦɟɪɵ. Ɉɛɪɚɡɰɵ ɡɚɦɨɪɚɠɢɜɚɸɬ ɧɟ ɦɟɧɟɟ 2 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜ 
ɦɨɪɨɡɢɥɶɧɨɣ ɤɚɦɟɪɟ ɨɬ – 20 °ɋ ɞɨ – 15 °ɋ. Ɉɞɧɨ ɡɚɦɨɪɚɠɢɜɚɧɢɟ ɢ ɨɬɬɚɢɜɚɧɢɟ 
ɫɨɫɬɚɜɥɹɟɬ ɨɞɢɧ ɰɢɤɥ ɢɫɩɵɬɚɧɢɣ. ȼ ɫɥɭɱɚɟ ɜɪɟɦɟɧɧɨɝɨ ɩɪɟɤɪɚɳɟɧɢɹ ɢɫɩɵɬɚ-
ɧɢɣ ɨɛɪɚɡɰɵ ɩɨɫɥɟ ɨɬɬɚɢɜɚɧɢɹ ɞɨɥɠɧɵ ɯɪɚɧɢɬɶɫɹ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ. 
Ɉɛɪɚɡɰɵ ɨɫɦɚɬɪɢɜɚɸɬ ɱɟɪɟɡ ɤɚɠɞɵɟ 5 ɰɢɤɥɨɜ, ɟɫɥɢ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɰɢɤɥɨɜ ɦɟɧɟɟ 35, ɢ ɱɟɪɟɡ ɤɚɠɞɵɟ 10 ɰɢɤɥɨɜ, ɟɫɥɢ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ. 
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ȼɵɹɜɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɪɚɡɰɨɜ (ɪɚɡɪɭɲɟɧɢɟ, ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ, ɪɚɫɫɥɨɟ-
ɧɢɟ ɢ ɬ.ɩ.) ɩɪɨɜɨɞɹɬ ɩɨɫɥɟ ɢɯ ɨɬɬɚɢɜɚɧɢɹ. 
Ɉɛɪɚɡɰɵ ɫɱɢɬɚɸɬ ɦɨɪɨɡɨɫɬɨɣɤɢɦɢ, ɟɫɥɢ ɩɨɫɥɟ ɬɪɟɛɭɟɦɨɝɨ ɱɢɫɥɚ ɰɢɤɥɨɜ 
ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɢɯ ɩɨɜɪɟɠɞɟɧɢɟ. ȿɫɥɢ ɩɨɜɪɟɠɞɟɧɢɟ ɨɛɪɚɡɰɨɜ ɧɚɫɬɭɩɢɥɨ 
ɪɚɧɶɲɟ, ɭɤɚɡɵɜɚɸɬ ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ, ɩɪɢ ɤɨɬɨɪɨɦ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɩɨ-
ɜɪɟɠɞɟɧɢɟ [9]. 
 
2.4 ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ 
 
ɗɬɨ ɩɪɨɰɟɞɭɪɚ ɜɵɛɨɪɚ ɱɢɫɥɚ ɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ 
ɢ ɞɨɫɬɚɬɨɱɧɵɯ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɫ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ. 
ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɛɟɡɪɚɡɥɢɱɧɨ, ɤɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛ-
ɥɚɞɚɟɬ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɍɤɚɠɟɦ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɹ, ɫ ɤɨɬɨɪɵɦɢ 
ɩɪɢɯɨɞɢɬɫɹ ɫɱɢɬɚɬɶɫɹ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɫɭɳɟɫɬɜɟɧɧɨ ɥɢ ɜɨɫɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɨɛɴ-
ɟɤɬɟ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. ȼɵɛɟɪɟɦ ɧɟɤɨɬɨɪɵɟ ɭɪɨɜɧɢ ɞɥɹ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɢ 
ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɩɪɨɜɟɞɟɦ ɷɤɫɩɟɪɢɦɟɧɬ. Ɂɚɬɟɦ ɩɨɜɬɨɪɢɦ ɟɝɨ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɱɟɪɟɡ 
ɪɚɜɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɢ ɫɪɚɜɧɢɦ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ. Ɋɚɡ-
ɛɪɨɫ ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ. ȿɫɥɢ ɨɧ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɧɟɤɨɬɨɪɨɣ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ, ɬɨ ɨɛɴɟɤɬ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɚ ɟɫɥɢ ɩɪɟɜɵɲɚɟɬ, ɬɨ ɧɟ ɭɞɨɜɥɟ-
ɬɜɨɪɹɟɬ ɷɬɨɦɭ ɬɪɟɛɨɜɚɧɢɸ. 
ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɚɤɬɢɜɧɨɟ ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɜ 
ɩɪɨɰɟɫɫ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ ɜ ɤɚɠɞɨɦ ɨɩɵɬɟ ɬɟɯ ɭɪɨɜɧɟɣ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ. ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚɡɵɜɚɟɬɫɹ ɚɤɬɢɜɧɵɦ. Ɉɛɴ-
ɟɤɬ, ɧɚ ɤɨɬɨɪɨɦ ɜɨɡɦɨɠɟɧ ɚɤɬɢɜɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɧɚɡɵɜɚɟɬɫɹ ɭɩɪɚɜɥɹɟɦɵɦ. 
ɗɬɨ ɢ ɟɫɬɶ ɜɬɪɨɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɨɛɴɟɤɬɭ ɢɫɫɥɟɞɨɜɚɧɢɹ [17]. 
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2.4.1 Ɏɚɤɬɨɪɵ 
 
Ɏɚɤɬɨɪɨɦ ɧɚɡɵɜɚɟɬɫɹ ɢɡɦɟɪɹɟɦɚɹ ɩɟɪɟɦɟɧɧɚɹ ɜɟɥɢɱɢɧɚ, ɩɪɢɧɢɦɚɸɳɚɹ ɜ 
ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. Ɏɚɤɬɨɪ ɫɱɢɬɚɟɬɫɹ ɡɚɞɚɧ-
ɧɵɦ, ɟɫɥɢ ɜɦɟɫɬɟ ɫ ɟɝɨ ɧɚɡɜɚɧɢɟɦ ɭɤɚɡɚɧɚ ɨɛɥɚɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɉɨɞ ɨɛɥɚ-
ɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɧɢɦɚɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɡɧɚɱɟɧɢɣ, ɤɨɬɨɪɵɟ ɜ ɩɪɢɧɰɢ-
ɩɟ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɞɚɧɧɵɣ ɮɚɤɬɨɪ. 
ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɮɚɤɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɭɩɪɚɜɥɹɟɦɵɦɢ. 
ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪ, ɜɵɛɪɚɜ ɧɭɠɧɨɟ ɡɧɚɱɟɧɢɟ ɮɚɤɬɨɪɚ, ɦɨɠɟɬ ɟɝɨ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɵɦ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɨɩɵɬɚ. ȼ ɷɬɨɦ ɫɨɫɬɨɢɬ ɨɫɨɛɟɧɧɨɫɬɶ 
"ɚɤɬɢɜɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ". ɉɥɚɧɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬ ɦɨɠɧɨ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭ-
ɱɚɟ, ɟɫɥɢ ɭɪɨɜɧɢ ɮɚɤɬɨɪɨɜ ɩɨɞɱɢɧɹɸɬɫɹ ɜɨɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ [17].  
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɮɚɤɬɨɪɚɦ: ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɢ ɨɞɧɨɡɧɚɱɧɨɫɬɶ. ɍɩɪɚɜɥɹɬɶ ɮɚɤ-
ɬɨɪɨɦ – ɡɧɚɱɢɬ ɭɫɬɚɧɨɜɢɬɶ ɧɭɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɟɝɨ ɩɨɫɬɨɹɧɧɵɦ ɜ 
ɬɟɱɟɧɢɟ ɨɩɵɬɚ ɢɥɢ ɦɟɧɹɬɶ ɩɨ ɡɚɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ. 
Ɏɚɤɬɨɪɵ ɞɨɥɠɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ. Ɉɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɧɨɡɧɚɱɧɵɦɢ, ɬ.ɟ. ɧɟ ɹɜɥɹɬɶɫɹ ɮɭɧɤɰɢɟɣ ɞɪɭɝɢɯ ɮɚɤɬɨ-
ɪɨɜ [17]. 
ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɛɵɱɧɨ ɢɡɦɟɧɹɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ. 
ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɚɤɬɨɪɨɜ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɬɪɟɛɨɜɚɧɢɹ ɫɨɜɦɟɫɬɢɦɨɫɬɢ. ɋɨɜɦɟɫɬɢ-
ɦɨɫɬɶ ɮɚɤɬɨɪɨɜ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɫɟ ɢɯ ɤɨɦɛɢɧɚɰɢɢ ɨɫɭɳɟɫɬɜɢɦɵ ɢ ɛɟɡɨɩɚɫɧɵ. 
ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɚɠɧɚ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɮɚɤɬɨɪɨɜ, ɬ.ɟ. 
ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɤɬɨɪɚ ɧɚ ɥɸɛɨɦ ɭɪɨɜɧɟ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜ-
ɧɟɣ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. ȿɫɥɢ ɷɬɨ ɭɫɥɨɜɢɟ ɧɟɜɵɩɨɥɧɢɦɨ, ɬɨ ɧɟɜɨɡɦɨɠɧɨ ɩɥɚɧɢɪɨ-
ɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬ. ȼɬɨɪɨɟ ɬɪɟɛɨɜɚɧɢɟ – ɨɬɫɭɬɫɬɜɢɟ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɮɚɤɬɨɪɚ-
ɦɢ. Ⱦɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɫɜɹɡɶ ɧɟ ɛɵɥɚ ɥɢɧɟɣɧɨɣ. 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɚɤɬɨɪɨɜ: ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɥɢ-
ɧɟɣɧɨɣ ɤɨɪɪɟɥɹɰɢɢ. ȼɵɛɪɚɧɧɨɟ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ 
ɩɨɥɧɵɦ. ȿɫɥɢ ɤɚɤɨɣ – ɥɢɛɨ ɫɭɳɟɫɬɜɟɧɧɵɣ ɮɚɤɬɨɪ ɩɪɨɩɭɳɟɧ, ɬɨ ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ 
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ɧɟɩɪɚɜɢɥɶɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢɥɢ ɛɨɥɶɲɨɣ ɨɲɢɛɤɟ ɨɩɵ-
ɬɚ. Ɏɚɤɬɨɪɵ ɦɨɝɭɬ ɛɵɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɢ ɤɚɱɟɫɬɜɟɧɧɵɦɢ. 
Ɍɨɱɧɨɫɬɶ ɮɢɤɫɚɰɢɢ ɮɚɤɬɨɪɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɫɨɤɚ. ɋɬɟɩɟɧɶ ɬɨɱɧɨɫɬɢ ɨɩ-
ɪɟɞɟɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɨɜ [17]. 
 
2.4.2 ɉɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 
 
ɉɟɪɜɵɣ ɷɬɚɩ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɥɢɧɟɣɧɨɣ ɦɨɞɟ-
ɥɢ ɨɫɧɨɜɚɧ ɧɚ ɜɚɪɶɢɪɨɜɚɧɢɢ ɮɚɤɬɨɪɨɜ ɧɚ ɞɜɭɯ ɭɪɨɜɧɹɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 
ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ ɢɡɜɟɫɬɧɨ, ɦɨɠɧɨ ɫɪɚɡɭ ɧɚɣɬɢ ɱɢɫɥɨ ɨɩɵɬɨɜ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɫɨɱɟɬɚɧɢɣ ɭɪɨɜɧɟɣ ɮɚɤɬɨɪɨɜ. ɉɪɨɫɬɚɹ ɮɨɪɦɭɥɚ, 
ɤɨɬɨɪɚɹ ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ [17]: 
 
N = 2ɤ,                  (2.9) 
 
ɝɞɟ N – ɱɢɫɥɨ ɨɩɵɬɨɜ; 
       2 – ɱɢɫɥɨ ɭɪɨɜɧɟɣ; 
       К – ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ. 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɤɫɩɟɪɢɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɭɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɫɨ-
ɱɟɬɚɧɢɹ ɭɪɨɜɧɟɣ ɮɚɤɬɨɪɨɜ, ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɧɵɦ ɮɚɤɬɨɪɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. ȿɫ-
ɥɢ ɱɢɫɥɨ ɭɪɨɜɧɟɣ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ ɪɚɜɧɨ ɞɜɭɦ, ɬɨ ɢɦɟɟɦ ɩɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ 
ɷɤɫɩɟɪɢɦɟɧɬ ɬɢɩɚ 2К [17].  
ȼ ɩɥɚɧɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɞɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɮɚɤɬɨɪɨɜ: +1 ɢ –1. ɍɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ, ɝɞɟ 
ɫɬɪɨɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɦ ɮɚɤɬɨɪɚɦ. Ɍɚɤɢɟ ɬɚɛɥɢɰɵ ɧɚɡɵɜɚɸɬɫɹ ɦɚɬɪɢ-
ɰɚɦɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
Ɇɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɱɟɬɵɪɶɦɹ ɮɚɤɬɨɪɚɦɢ ɩɪɟɞɫɬɚɜɥɟ-
ɧɚ ɜ ɬɚɛɥɢɰɟ 2.2. 
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Ɍɚɛɥɢɰɚ 2.2 – Ɇɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 23 
ɇɨɦɟɪ ɨɩɵɬɚ ɏ1 ɏ2 ɏ3 ɍ 
1 +1 +1 +1 ɍ1 
2 –1 +1 +1 ɍ2 
3 +1 –1 +1 ɍ3 
4 –1 –1 +1 ɍ4 
5 +1 +1 –1 ɍ5 
6 –1 +1 –1 ɍ6 
7 +1 –1 –1 ɍ7 
8 –1 –1 –1 ɍ8 
 
Ʉɚɠɞɵɣ ɫɬɨɥɛɟɰ ɜ ɦɚɬɪɢɰɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɜɟɤɬɨɪ – ɫɬɨɥɛɰɨɦ, 
ɚ ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɧɚɡɵɜɚɟɬɫɹ ɜɟɤɬɨɪ – ɫɬɪɨɤɨɣ [17].  
 
2.4.3 ɋɜɨɣɫɬɜɚ ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɢɩɚ 2ɤ 
 
Ɇɚɬɪɢɰɵ ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɚɦɢ ɫɢɦ-
ɦɟɬɪɢɱɧɨɫɬɢ, ɧɨɪɦɢɪɨɜɤɢ, ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɢ ɪɨɬɚɬɚɛɟɥɶɧɨɫɬɢ. Ⱦɜɚ ɫɜɨɣɫɬɜɚ 
ɫɥɟɞɭɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ. ɉɟɪɜɨɟ – ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚ – ɮɨɪɦɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɚɥɝɟɛɪɚɢɱɟ-
ɫɤɚɹ ɫɭɦɦɚ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪ – ɫɬɨɥɛɰɚ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ ɪɚɜɧɚ ɧɭɥɸ, ɢɥɢ: 
 
               (2.10) 
 
ɝɞɟ i=1; 
       j – ɧɨɦɟɪ ɮɚɤɬɨɪɚ, j = 1, 2 ...ɤ; 
      N – ɱɢɫɥɨ ɨɩɵɬɨɜ [14, ɫ. 65]. 
ȼɬɪɨɟ ɫɜɨɣɫɬɜɨ – ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɭɫɥɨɜɢɟ ɧɨɪɦɢɪɨɜɤɢ – ɮɨɪɦɭɥɢɪɭɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɫɬɨɥɛɰɚ ɪɚɜɧɚ ɱɢɫɥɭ 
ɨɩɵɬɨɜ, ɢɥɢ: 
0jiX
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               (2.11) 
ɗɬɨ ɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɨɜ ɜ ɦɚɬɪɢɰɟ ɡɚɞɚɸɬɫɹ +1 ɢ –1. 
Ɍɪɟɬɶɟ ɫɜɨɣɫɬɜɨ ɨɬɧɨɫɢɬɫɹ ɤ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɨɥɛɰɨɜ. ɋɭɦɦɚ ɩɨɱɥɟɧɧɵɯ 
ɩɪɨɢɡɜɟɞɟɧɢɣ ɥɸɛɵɯ ɞɜɭɯ ɜɟɤɬɨɪ – ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ ɪɚɜɧɚ ɧɭɥɸ, ɢɥɢ: 
 
,              (2.12) 
 
ɝɞɟ j ≠ u, u = 0, 1, 2, …, 
ɗɬɨ ɫɜɨɣɫɬɜɨ ɧɚɡɵɜɚɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶɸ ɦɚɬɪɢɰɵ ɩɥɚɧɢɪɨɜɚɧɢɹ. 
ɉɨɫɥɟɞɧɟɟ, ɱɟɬɜɟɪɬɨɟ, ɫɜɨɣɫɬɜɨ ɧɚɡɵɜɚɟɬɫɹ ɪɨɬɚɬɚɛɟɥɶɧɨɫɬɶɸ. Ɉɧɨ ɨɡɧɚ-
ɱɚɟɬ, ɱɬɨ ɜɫɟ ɬɨɱɤɢ ɜ ɦɚɬɪɢɰɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɨɞɛɢɪɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɬɨɱɧɨɫɬɶ 
ɩɪɟɞɫɤɚɡɚɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ ɛɵɥɚ ɨɞɢɧɚɤɨɜɚ ɧɚ ɪɚɜɧɵɯ ɪɚɫ-
ɫɬɨɹɧɢɹɯ ɨɬ ɰɟɧɬɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɧɟ ɡɚɜɢɫɟɥɚ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ [17]. 
 
2.4.4 ɉɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
 
ɐɟɥɶ – ɧɚɣɬɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ. ɂɯ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɩɪɨɫɬɨɣ ɮɨɪɦɭɥɟ [17]: 
 
,              (2.13) 
 
ɝɞɟ i = 0, 1, …ɤ, 
Ⱦɥɹ ɩɨɞɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ b1 ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɤɬɨɪ – ɫɬɨɥɛɟɰ X1, ɚ ɞɥɹ b2 
– ɫɬɨɥɛɟɰ X2. Ɍɟɩɟɪɶ ɧɚɣɞɟɦ b0. ȿɫɥɢ ɭɪɚɜɧɟɧɢɟ Y = b0+ b1ɏ1 + b2ɏ2 ɫɩɪɚɜɟɞɥɢ-
ɜɨ, ɬ.ɟ. b0 ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ. ɑɬɨɛɵ ɟɝɨ 
1
2
i
jiX
0
1
ui
i
ji XX
u
u
iu
i
YX
b 1
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ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɨ, ɫɥɨɠɢɬɶ ɜɫɟ Y ɢ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɢɫɥɨ ɨɩɵɬɨɜ. Ʉɨɷɮɮɢɰɢ-
ɟɧɬɵ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɢɥɭ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ. ɑɟɦ 
ɛɨɥɶɲɟ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɬɟɦ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɮɚɤɬɨɪ. ȿɫɥɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɦɟɟɬ ɡɧɚɤ ɩɥɸɫ, ɬ.ɟ. ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɚ ɩɚɪɚɦɟɬɪ 
ɨɩɬɢɦɢɡɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɟɫɥɢ ɦɢɧɭɫ ɭɦɟɧɶɲɚɟɬɫɹ. ȼɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɤɥɚɞɭ ɞɚɧɧɨɝɨ ɮɚɤɬɨɪɚ ɜ ɜɟɥɢɱɢɧɭ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɮɚɤɬɨɪɚ ɫ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ ɧɚ ɜɟɪɯɧɢɣ ɢɥɢ ɧɢɠɧɢɣ. 
Ɉɛɥɚɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɛɢɪɚɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ. 
Ɉɫɧɨɜɧɨɣ ɭɪɨɜɟɧɶ – ɦɧɨɝɨɦɟɪɧɚɹ ɬɨɱɤɚ ɜ ɮɚɤɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɡɚɞɚ-
ɜɚɟɦɚɹ ɤɨɦɛɢɧɚɰɢɟɣ ɭɪɨɜɧɟɣ ɮɚɤɬɨɪɨɜ. ɉɨɫɬɪɨɟɧɢɟ ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɜɨ-
ɞɢɬɫɹ ɤ ɜɵɛɨɪɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɫɢɦɦɟɬɪɢɱɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɧɨɜ-
ɧɨɝɨ ɭɪɨɜɧɹ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɢɢ ɨɫɧɨɜɧɨɝɨ ɭɪɨɜɧɹ ɩɪɢɯɨɞɢɬɫɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɪɚɡɥɢɱɧɵɟ ɫɢɬɭɚɰɢɢ. ɋɢɬɭɚɰɢɢ ɡɚɞɚɸɬɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɧɚɢɥɭɱɲɢɯ ɬɨɱɤɚɯ ɢ 
ɨɩɪɟɞɟɥɹɸɬ ɪɟɲɟɧɢɹ [17]. 
ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ – ɜɵɛɨɪ ɢɧɬɟɪɜɚɥɚ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ. Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɮɚɤɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɜɚ ɭɪɨɜɧɹ, ɧɚ ɤɨɬɨɪɵɯ ɨɧ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. 
ɍɪɨɜɧɢ ɮɚɤɬɨɪɨɜ ɢɡɨɛɪɚɠɚɸɬɫɹ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɧɚ ɤɨɨɪɞɢɧɚɬɧɨɣ ɨɫɢ, ɫɢɦɦɟɬ-
ɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɧɨɜɧɨɝɨ ɭɪɨɜɧɹ. Ɉɞɢɧ ɢɡ ɭɪɨɜɧɟɣ – ɜɟɪɯɧɢɣ, ɞɪɭɝɨɣ – 
ɧɢɠɧɢɣ. ɂɧɬɟɪɜɚɥɨɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚɡɵɜɚɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɫɜɨɟ 
ɞɥɹ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ, ɩɪɢɛɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɤ ɨɫɧɨɜɧɨɦɭ ɭɪɨɜɧɸ ɞɚɟɬ ɜɟɪɯɧɢɣ, 
ɚ ɜɵɱɢɬɚɧɢɟ ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɡɚɩɢɫɢ ɨɫɢ ɡɚɞɚɸɬ ɬɚɤ, ɱɬɨɛɵ 
ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ +1, ɧɢɠɧɢɣ – 1, ɨɫɧɨɜɧɨɣ 0. ȼ ɡɚɞɚɱɚɯ ɢɧɬɟɪ-
ɩɨɥɹɰɢɢ ɢɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ ɨɯɜɚɬɵɜɚɟɬ ɜɫɸ ɨɩɢɫɵɜɚɟɦɭɸ ɨɛɥɚɫɬɶ. 
ɗɤɫɩɟɪɢɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɭɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɫɨɱɟɬɚɧɢɹ ɭɪɨɜɧɟɣ, 
ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɧɵɦ ɮɚɤɬɨɪɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. ɉɨɥɧɵɣ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢ-
ɦɟɧɬ ɬɢɩɚ 2ɤ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ, ɧɨɪɦɢɪɨɜɤɢ, ɨɪɬɨɝɨɧɚɥɶɧɨ-
ɫɬɢ, ɪɨɬɚɛɟɥɶɧɨɫɬɢ. Ʉɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚ, ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɢɥɭ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ. ɗɮɮɟɤɬ ɮɚɤɬɨɪɚ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɭɞ-
ɜɨɟɧɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ. ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɷɮɮɟɤɬ ɨɞɧɨɝɨ ɮɚɤɬɨɪɚ ɡɚɜɢɫɢɬ 
ɨɬ ɭɪɨɜɧɹ, ɧɚ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɞɪɭɝɨɣ ɮɚɤɬɨɪ, ɝɨɜɨɪɹɬ ɨ ɧɚɥɢɱɢɢ ɷɮɮɟɤɬɚ 
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ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɜɭɯ ɮɚɤɬɨɪɨɜ. Ⱦɥɹ ɟɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɨɥɭɱɚɸɬ 
ɫɬɨɥɛɟɰ ɩɪɨɢɡɜɟɞɟɧɢɣ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɢ ɨɛɪɚɳɚɸɬɫɹ ɫ ɧɢɦɢ ɤɚɤ ɫ ɜɟɤɬɨɪ – 
ɫɬɨɥɛɰɨɦ ɥɸɛɨɝɨ ɮɚɤɬɨɪɚ [17]. 
ɉɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɚɞɟɤɜɚɬɧɨɫɬɢ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɩɪɨɜɨɞɹɬ ɫ ɩɨɦɨɳɶɸ 
ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ – F. Ʉɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
Fɪɚɫɱ=S2ɚɞ/S2{y} (2.14) 
 
ɝɞɟ S2ɚɞ – ɨɫɬɚɬɨɱɧɚɹ ɞɢɫɩɟɪɫɢɹ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 (2.15) 
 
ɍɪɚɜɧɟɧɢɟ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɟɬ ɷɤɫɩɟɪɢɦɟɧɬ, ɟɫɥɢ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ F 
– ɤɪɢɬɟɪɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɬɚɛɥɢɱɧɨɝɨ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ: 
Fɪɚɫɱ<Fα;fɚɞ;fy. 
ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɢɫɩɟɪɫɢɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 
 
fɚɞ=N – L, (2.16) 
 
ɝɞɟ N – ɱɢɫɥɨ ɨɩɵɬɨɜ ɜ ɩɥɚɧɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
       L – ɱɢɫɥɨ ɡɧɚɱɢɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 
ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ: 
1. ȼ ɪɚɛɨɬɟ ɩɪɢɧɹɬɚ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ 
ɩɥɚɫɬɢɱɟɫɤɢɦ ɮɨɪɦɨɜɚɧɢɟɦ, ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ ɢ ɨɛɠɢɝɨɦ, ɩɨ ɪɟɠɢɦɚɦ 
ɪɟɚɥɢɡɭɟɦɵɦ ɧɚ ɡɚɜɨɞɟ ɈɈɈ "ɋɢɛɢɪɫɤɢɣ ɷɥɟɦɟɧɬ".  
2. ɉɪɢɧɹɬɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢ-
ɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɫɨɝɥɚɫɧɨ ɫ ȽɈɋɌɨɦ 7025–91.  
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3. Ɉɩɬɢɦɢɡɚɰɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟ-
ɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɭ-
ɳɟɫɬɜɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɭɬɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ.  
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3 ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇȺə ɑȺɋɌɖ 
 
3.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ  
 
3.1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɟ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɤɢɪɩɢɱɚ ɧɚ ɡɚɜɨɞɟ ɈɈɈ «ɋɢɛɢɪɫɤɢɣ 
ɷɥɟɦɟɧɬ». ɋɨɫɬɚɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ: ɫɭɝɥɢɧɨɤ ɤɭɛɟɤɨɜɫɤɢɣ – 85 ɦɚɫɫ.%; ɝɥɢ-
ɧɚ ɤɨɧɬɚɬɫɤɚɹ – 15 ɦɚɫɫ.%.  
Ʉɚɧɬɚɬɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɨɝɧɟɭɩɨɪɧɵɯ ɢ ɬɭɝɨɩɥɚɜɤɢɯ ɝɥɢɧ ɪɚɫɩɨɥɨɠɟ-
ɧɨ ɜ 4–ɯ ɤɦ ɤ ɫɟɜɟɪɭ ɨɬ ɞ. Ȼɨɥɶɲɨɣ Ʉɚɧɬɚɬ, ɜ 134 ɤɦ ɤ ɫɟɜɟɪɭ ɨɬ ɝ.Ʉɪɚɫɧɨɹɪɫɤɚ , 
ɜɛɥɢɡɢ ɬɪɚɤɬɚ Ʉɪɚɫɧɨɹɪɫɤ-ȿɧɢɫɟɣɫɤ. Ȼɥɢɠɚɣɲɚɹ ɩɪɢɫɬɚɧɶ ɧɚ ɪ. ȿɧɢɫɟɟ ɘɤɫɟɟ-
ɜɨ, ɫ ɤɨɬɨɪɨɣ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɫɜɹɡɚɧɨ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɨɣ, ɧɚɯɨɞɢɬɶɫɹ ɜ 30 
ɤɦ ɤ ɸɝɨ-ɜɨɫɬɨɤɭ ɨɬ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 
Ɇɟɫɬɨɪɨɠɞɟɧɢɟ ɩɪɢɭɪɨɱɟɧɨ ɤ ɨɬɥɨɠɟɧɢɹɦ ɫɵɦɫɤɨɣ ɫɜɢɬɵ. ɉɨɥɟɡɧɚɹ 
ɬɨɥɳɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɝɧɟɭɩɨɪɧɵɦɢ ɢ ɬɭɝɨɩɥɚɜɤɢɦɢ ɝɥɢɧɚɦɢ, ɨɛɪɚɡɭɸɳɢɦɢ 
ɩɥɚɫɬɨɨɛɪɚɡɧɭɸ ɡɚɥɟɠɶ, ɩɨɥɨɝɨɩɚɞɚɸɳɭɸ ɧɚ ɫɟɜɟɪ ɩɨɞ ɭɝɥɚɦɢ 3-5 ɝɪɚɞɭɫɨɜ. 
Ɇɨɳɧɨɫɬɶ ɡɚɥɟɠɢ ɝɥɢɧ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 3-5 ɦ ɞɨ 8-10 ɦ. Ɋɟɞɤɨ ɫɪɟɞɢ ɝɥɢɧ ɜɫɬɪɟ-
ɱɚɸɬɫɹ ɥɢɧɡɵ ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ ɤɜɚɪɰ-ɩɨɥɟɜɨɲɩɚɬɨɜɨɝɨ ɩɟɫɤɚ ɦɨɳɧɨɫɬɶɸ ɨɬ 
0,1 ɞɨ 1,0 ɦ. ɋɜɟɪɯɭ ɡɚɥɟɠɶ ɝɥɢɧ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɩɟɫɱɚɧɨ-ɝɪɚɜɢɣɧɨ-
ɝɚɥɟɱɧɢɤɨɜɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ ɧɟɨɝɟɧɚ ɢ ɛɭɪɵɦɢ ɫɭɝɥɢɧɤɚɦɢ ɢ ɝɥɢɧɚɦɢ ɱɟɬɜɟɪ-
ɬɢɱɧɨɝɨ ɜɨɡɪɚɫɬɚ. Ɇɨɳɧɨɫɬɶ ɜɫɤɪɵɲɧɵɯ ɩɨɪɨɞ ɤɨɥɟɛɥɟɬɫɹ ɨɬ ɩɟɪɜɵɯ ɦɟɬɪɨɜ 
ɞɨ 10-20ɦ ɢ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 10,23 ɦ. 
Ɍɭɝɨɩɥɚɜɤɢɟ ɝɥɢɧɵ ɫɥɚɝɚɸɬ ɨɛɵɱɧɨ ɧɢɠɧɸɸ ɱɚɫɬɶ ɩɨɥɟɡɧɨɣ ɬɨɥɳɢ. 
Ɇɨɳɧɨɫɬɶ ɢɯ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,4-7,75 ɦ ,ɫɪɟɞɧɹɹ 2,96. ɐɜɟɬ ɝɥɢɧ ɫɟɪɵɣ, ɫɜɟɬɥɨ-
ɫɟɪɵɣ, ɠɟɥɬɵɣ, ɫɟɪɨɜɚɬɨ-ɛɟɥɵɣ, ɧɟɪɟɞɤɨ ɫ ɡɟɥɟɧɨɜɚɬɵɦ ɨɬɬɟɧɤɨɦ. ɗɬɢ ɝɥɢɧɵ 
ɷɥɟɜɪɢɬɢɫɬɵɟ, ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɡɚɥɟɠɢ ɡɚɩɟɫɨɱɟɧɵ ɢ ɢɦɟɸɬ ɠɟɥɬɨɜɚɬɵɣ ɨɬɬɟɧɨɤ 
ɡɚ ɫɱёɬ ɩɪɢɫɭɬɫɬɜɢɹ ɝɢɞɪɨɨɤɢɫɥɨɜ ɠɟɥɟɡɚ. 
57 
 
ɉɨ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɬɭɝɨɩɥɚɜɤɢɟ ɝɥɢɧɵ ɤɚɨɥɢɧɢɬɨ-
ɝɢɞɪɨɫɥɸɞɢɫɬɵɟ. 
ɉɨ ɫɨɞɟɪɠɚɧɢɸ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɮɪɚɤɰɢɢ ( <0,001ɦɦ) ɬɭɝɨɩɥɚɜɤɢɟ ɝɥɢ-
ɧɵ ɨɬɧɨɫɹɬɫɹ ɤ ɫɪɟɞɧɟ– ɢ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɦɭ ɝɥɢɧɢɫɬɨɦɭ ɫɵɪɶɸ. ɋɨɞɟɪɠɚɧɢɟ 
ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɮɪɚɤɰɢɢ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 36,8 ɞɨ 84,0 %. 
ɉɨ ɩɥɚɫɬɢɱɧɨɫɬɢ ɝɥɢɧɵ ɨɬɧɨɫɹɬɫɹ ɤ ɝɪɭɩɩɚɦ ɫɪɟɞɧɟ – ɢ ɜɵɫɨɤɨɩɥɚɫɬɢɱ-
ɧɵɟ (ɱɢɫɥɨ ɩɥɚɫɬɢɱɧɨɫɬɢ 22,74-26,21). ɉɪɟɨɛɥɚɞɚɸɬ ɫɪɟɞɧɟɩɥɚɫɬɢɱɧɵɟ ɝɥɢɧɵ. 
Ʌɚɛɨɪɚɬɨɪɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɭɝɨɩɥɚɜɤɢɟ ɝɥɢɧɵ 
ɫɢɥɶɧɨ – ɢ ɫɪɟɞɧɟɫɩɟɤɚɸɳɢɟɫɹ, ɧɢɡɤɨ – ɢ ɫɪɟɞɧɟɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɩɟɤɚɧɢɹ. 
ɐɜɟɬ ɨɛɨɠɠɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000-1150°ɋ ɨɛɪɚɡɰɨɜ ɠɟɥɬɵɣ, ɠɟɥɬɨ –
ɤɪɚɫɧɵɣ ɢ ɤɪɚɫɧɵɣ. 
Ȼɚɞɚɥɵɤɫɤɨɟ (Ʉɭɛɟɤɨɜɫɤɨɟ) ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɫɭɝɥɢɧɤɨɜ ɪɚɫɩɨɥɨɠɟɧɨ ɜ 12 
ɤɦ ɤ ɫɟɜɟɪɭ ɨɬ ɝ.Ʉɪɚɫɧɨɹɪɫɤɚ , ɨɤɨɥɨ ɩɨɫ. Ȼɚɞɚɥɵɤ. 
Ɇɟɫɬɨɪɨɠɞɟɧɢɟ ɫɥɨɠɟɧɨ ɱɟɬɜɟɪɬɢɱɧɵɦɢ ɷɥɸɜɢɚɥɶɧɨ-ɞɟɥɸɜɢɚɥɶɧɵɦɢ 
ɫɭɝɥɢɧɤɚɦɢ , ɡɚɥɟɝɚɸɳɢɦɢ ɧɚ ɜɨɥɧɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɫɱɚɧɨ-ɝɚɥɟɱɟɧɤɨɜɵɯ  
ɨɬɥɨɠɟɧɢɢ ɧɟɨɝɟɧɨɜɨɝɨ ɜɨɡɪɚɫɬɚ. ɋɭɝɥɢɧɤɢ ɡɚɥɟɝɚɸɬ ɜ ɜɢɞɟ ɩɥɚɫɬɨɨɛɪɚɡɧɨɝɨ 
ɬɟɥɚ ɢ ɢɦɟɸɬ ɫɜɟɬɥɨ-ɬɟɦɧɨ-ɛɭɪɭɸ ɨɤɪɚɫɤɭ , ɜ ɜɟɪɯɚɯ ɪɚɡɪɟɡɚ ɫɨɞɟɪɠɚɬ ɬɨɱɟɱ-
ɧɵɟ ɢ ɧɢɬɟɜɢɞɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɪɛɨɧɚɬɨɜ ,ɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ- ɜɤɥɸɱɟɧɢɹ ɦɟɥ-
ɤɨɣ ɤɜɚɪɰɟɜɨɣ ɝɚɥɶɤɢ. Ɇɨɳɧɨɫɬɶ ɫɭɝɥɢɧɤɨɜ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 4 ɞɨ 27 ɦ , ɜ ɫɪɟɞɧɟɦ 
ɫɨɫɬɚɜɥɹɟɬ 16-17 ɦ. Ɇɨɳɧɨɫɬɶ ɫɭɝɥɢɧɤɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɫɟɜɟɪɚ ɧɚ ɸɝ. 
ȼɫɤɪɵɲɧɵɟ ɩɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɱɜɟɧɧɨ-ɪɚɫɬɢɬɟɥɶɧɵɦ ɫɥɨɟɦ ɦɨɳɧɨɫɬɶɸ 
0,25 – 1,0 ɦ , ɜ ɫɪɟɞɧɟɦ 0,6 ɦ. 
ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ. 
 
Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 
ɤɚɱɟɫɬɜɚ 
ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɩɨɤɚɡɚɬɟɥɹ 
Ʉɭɛɟɤɨɜɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ Ʉɚɧɬɚɬɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ 
ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ, ɬ/ɦ3 1,90 2,00 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɵɯɥɟɧɢɹ 1,35 1,30 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 
ɋɪɟɞɧɢɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, 
ɦɚɫɫ.%: 
SiO2 
Al2O3+TiO2 
CaO+MgO 
Fe2O3 
K2O+Na2O 
SO3 
 
 
55,96 
13,92 
8,11 
5,30 
4,14 
0,02 
 
 
 
66,8 
18,03 
2,45 
3,53 
1,55 
0,03 
ɑɢɫɥɨ ɩɥɚɫɬɢɱɧɨɫɬɢ 10,13 18,00 
Ɉɝɧɟɭɩɨɪɧɨɫɬɶ, ºɋ Ⱦɨ 1350 1350-1580 
 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɜ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɫɫɵ ɢɫɫɥɟɞɨɜɚɥɢ 
ɦɧɨɝɨɬɨɧɧɚɠɧɵɟ ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ: ɫɦɟɲɚɧɧɵɟ ɨɬɯɨɞɵ 
ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ, ɨɬɪɚɛɨɬɚɧɧɚɹ ɭɝɨɥɶɧɚɹ ɢ ɲɚɦɨɬɧɚɹ ɮɭɬɟɪɨɜɤɚ. Ⱦɚɧɧɵɟ ɨɬɯɨɞɵ 
ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɣ ɡɚɩɚɫ ɬɨɩɥɢɜɧɵɯ ɢ ɦɢɧɟɪɚɥɢɡɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɹɜ-
ɥɹɸɬɫɹ ɰɟɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫɚɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɢɧ-
ɬɟɧɫɢɮɢɤɚɰɢɸ ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
[19, 38, 47]. 
 
3.1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
 
ɋɦɟɲɚɧɧɵɟ ɨɬɯɨɞɵ ɹɜɥɹɸɬɫɹ ɪɚɫɩɭɥɶɩɢɪɨɜɚɧɧɨɣ ɫɦɟɫɶɸ ɩɪɨɞɭɤɬɨɜ ɫ 
ɨɬɞɟɥɶɧɵɯ ɩɟɪɟɞɟɥɨɜ ɝɚɡɨɨɱɢɫɬɤɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɢɦɟɧɧɨ ɲɥɚ-
ɦɨɜ ɝɚɡɨɨɱɢɫɬɤɢ, ɩɵɥɢ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ, ɯɜɨɫɬɨɜ ɮɥɨɬɚɰɢɢ ɭɝɨɥɶɧɨɣ ɩɟɧɵ, 
ɫɛɪɚɫɵɜɚɟɦɵɯ  ɪɚɫɬɜɨɪɨɜ ɪɟɝɟɧɟɪɚɰɢɢ ɜɬɨɪɢɱɧɨɝɨ ɤɪɢɨɥɢɬɚ, ɫɦɵɜɧɵɯ ɜɨɞ 
ɡɭɦɩɮɨɜ ɢ ɬ.ɞ. , ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɱɟɪɧɨɝɨ ɰɜɟɬɚ ɫ 
ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɨɬ 0,071 ɞɨ 1 ɦɦ 
ɏɢɦɢɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ 
ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.2 ɢ 3.3.  
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Ɍɚɛɥɢɰɚ 3.2 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɦɚɫɫ.% 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɬɯɨɞɨɜ 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩ.ɩ.ɩ 
SiO2 Al2O3 Fe2O3 CaO MgO Na2O 
 
F– 
ɋɦɟɲɚɧɧɵɟ ɨɬ-
ɯɨɞɵ ɲɥɚɦɨɜɨɝɨ 
ɩɨɥɹ 
0,68 12,53 1,13 0,73 0,60 15,89 0,64 16,38 51,42 
 
Ɍɚɛɥɢɰɚ 3.3 – Ɇɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ, ɦɚɫɫ. % 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɦɢɧɟɪɚɥɨɜ ɋɨɞɟɪɠɚɧɢɟ, % Ɉɩɢɫɚɧɢɟ ɦɢɧɟɪɚɥɨɜ 
Ƚɪɚɮɢɬ 70–73 Ʉɪɢɫɬɚɥɥɵ ɱɟɪɧɨɝɨ ɰɜɟɬɚ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɫ ɦɟɬɚɥ-ɥɢɱɟɫɤɢɦ ɛɥɟɫɤɨɦ 
Ʉɪɢɨɥɢɬ 8–10 ɉɥɚɫɬɢɧɱɚɬɵɟ ɩɪɨɡɪɚɱɧɵɟ ɤɪɢɫɬɚɥɥɵ ɫɨ ɫɬɟɤɥɹɧɧɵɦ ɛɥɟɫɤɨɦ 
Ʉɨɪɭɧɞ 5–6 Ɉɫɬɪɨɭɝɨɥɶɧɵɟ ɛɟɫɰɜɟɬɧɵɟ ɡɟɪɧɚ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ 
Ɏɥɸɨɪɢɬ 4–6 Ȼɟɫɰɜɟɬɧɵɟ ɡɟɪɧɚ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ , ɚɫɫɨɰɢɢɪɨɜɚɧ-ɧɵɟ ɫ ɤɪɢɨɥɢɬɨɦ 
ɇɟɮɟɥɢɧ 2–3 Ɇɟɥɤɢɟ ɩɪɢɡɦɚɬɢɱɟɫɤɢɟ ɩɪɨɡɪɚɱɧɵɟ ɤɪɢɫɬɚɥɥɵ ɫɟɪɨɝɨ ɰɜɟɬɚ 
 
ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
ɪɢɫɭɧɨɤ 3.1. ɉɨɦɢɦɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɢɫɭɧɤɟ 3.1 ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɵ ɱɚɫɬɢɰɵ ɛɟɥɨɝɨ 
ɰɜɟɬɚ ɹɜɥɹɸɳɢɟɫɹ ɤɪɢɨɥɢɬɨɦ, ɮɬɨɪɢɞɨɦ ɧɚɬɪɢɹ. 
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Ɋɢɫɭɧɨɤ 3.1 – Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ:  
1 – ɤɪɢɨɥɢɬ; 2 – ɝɪɚɮɢɬ 
 
Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɧɚ 
Ʉɪɚɫɧɨɹɪɫɤɨɦ ɚɥɸɦɢɧɢɟɜɨɦ ɡɚɜɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 30-31,4 ɬɵɫ. ɬɨɧɧ.[39]. 
 
3.1.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟ-
ɜɨɝɨ ɷɥɟɤɬɪɨɥɢɡɟɪɚ 
 
Ɉɬɪɚɛɨɬɚɧɧɚɹ ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɚ – ɨɬɯɨɞ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ, ɨɛɪɚ-
ɡɭɸɳɢɣɫɹ ɩɪɢ ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ. ɉɨɫɥɟ ɞɪɨɛɥɟɧɢɹ ɢ ɝɪɨɯɨ-
ɱɟɧɢɹ ɤɪɭɩɧɵɟ ɤɭɫɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɭɬɢɥɢɡɢɪɭɸɬɫɹ ɜ ɦɟ-
ɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɚ ɩɪɨɫɵɩɶ ɨɬ ɞɪɨɛɥɟɧɢɹ (ɦɟɧɟɟ 5 ɦɦ) ɧɟ ɧɚɯɨɞɢɬ 
ɩɪɢɦɟɧɟɧɢɹ ɢ ɜɵɜɨɡɢɬɫɹ ɜ ɨɬɜɚɥ. ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɵɣ ɪɚɡɦɟɪ  ɱɚɫɬɢɰ ɩɪɨɫɵɩɢ 
(ɛɨɥɟɟ 90%) – ɞɨ 1,25ɦɦ [32]. 
Ɉɬɪɚɛɨɬɚɧɧɚɹ ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɚ ɚɥɸɦɢɧɢɟɜɵɯ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ (ɭɝɥɟ-
ɪɨɞɧɵɟ ɛɥɨɤɢ, ɜɵɥɨɦɵ, ɩɪɨɩɢɬɚɧɧɵɟ ɮɬɨɪɢɫɬɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɚɥɸɦɢɧɢɹ, 
ɧɚɬɪɢɹ, ɫɩɟɤɲɢɟɫɹ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɲɚɦɨɬɧɨɝɨ ɤɢɪɩɢɱɚ) ɫɨɞɟɪɠɢɬ, ɜ 
ɨɫɧɨɜɧɨɦ, ɛɨɥɟɟ 30 ɦɚɫɫ.% ɭɝɥɟɪɨɞɚ, ɮɬɨɪɢɞɵ ɚɥɸɦɢɧɢɹ, ɧɚɬɪɢɹ, ɤɪɢɨɥɢɬ, ɪɹɞ 
ɩɪɢɦɟɫɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɰɢɚɧɢɞɵ (~0,1-0,3%). 
ȼ ɬɚɛɥɢɰɟ 3.4 ɩɪɢɜɟɞɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ [12]. 
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Ɍɚɛɥɢɰɚ 3.4 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ  
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ (ɦɚɫc.%) 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɯɨɞɨɜ 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ,% 
SiO2 Al2O3 Fe2O3 CaO MgO F-1 Na+ C 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ 
ɮɭɬɟɪɨɜɤɚ 
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
22,40 15,01 2,05 2,60 2,58 Ⱦɨ 15 ɞɨ 15 ɞɨ 67 
 
Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɮɪɚɤɰɢɣ ɞɚɧɧɨɝɨ ɬɟɯɧɨɝɟɧɧɨɝɨ ɩɪɨ-
ɞɭɤɬɚ ɩɨɫɥɟ ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɞɪɨɛɥɟɧɢɹ ɧɚ ɳɟɤɨɜɨɣ ɞɪɨɛɢɥɤɟ ɨɛɳɟɣ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɨɣ ɩɪɨɛɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
 
   
                      ɚ                                                    ɛ                                                  ɜ 
  
Ɋɢɫɭɧɨɤ 3.2 – Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ : ɚ– ɮɪ. –0,4+0,2ɦɦ; 
ɛ–ɮɪ. –0,5+0,4ɦɦ; ɜ–ɮɪ. –1+0,5ɦɦ 
 
Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɩɪɨɜɟɞɟɧ ɩɭɬɟɦ ɪɚɫɫɟɜɚ 
ɨɬɯɨɞɚ ɧɚ ɫɢɬɨɜɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɧɚ ɨɬɞɟɥɶɧɵɟ ɮɪɚɤɰɢɢ .Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɫɟɜɚ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɵ ɨɬɯɨɞɚ ɦɚɫɫɨɣ 1 ɤɝ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.3. 
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Ɋɢɫɭɧɨɤ 3.3 – Ƚɢɫɬɨɝɪɚɦɦɚ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ 
ɮɭɬɟɪɨɜɤɢ 
ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɨɦɭ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ ɩɪɟɜɚɥɢɪɭɸɳɟɣ 
ɹɜɥɹɟɬɫɹ ɮɪɚɤɰɢɹ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɨɬ 2,5 ɞɨ 0,5 ɦɦ. 
 Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɧɚ Ʉɪɚɫ-
ɧɨɹɪɫɤɨɦ ɚɥɸɦɢɧɢɟɜɨɦ ɡɚɜɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 43-44 ɬɵɫ. ɬɨɧɧ.[39]. 
 
3.1.4 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟ-
ɜɨɝɨ ɷɥɟɤɬɪɨɥɢɡɟɪɚ 
 
Ɉɬɪɚɛɨɬɚɧɧɚɹ ɲɚɦɨɬɧɚɹ ɮɭɬɟɪɨɜɤɚ – ɨɬɯɨɞ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ, ɨɛ-
ɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ.  
ɋɨɫɬɨɢɬ ɲɚɦɨɬɧɚɹ ɮɭɬɟɪɨɜɤɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ SiO2 ɢ Al2O3, ɫ ɩɪɢɦɟ-
ɫɹɦɢ ɮɬɨɪ ɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ. 
ȼ ɬɚɛɥɢɰɟ 3.5 ɩɪɢɜɟɞɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ [12].. 
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Ɍɚɛɥɢɰɚ 3.5 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ  
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ (ɦɚɫc.%).  
 
Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɮɪɚɤɰɢɣ ɞɚɧɧɨɝɨ ɬɟɯɧɨɝɟɧɧɨɝɨ ɩɪɨ-
ɞɭɤɬɚ ɩɨɫɥɟ ɞɜɭɯɫɬɚɞɢɣɧɨɝɨ ɞɪɨɛɥɟɧɢɹ ɧɚ ɳɟɤɨɜɨɣ ɞɪɨɛɢɥɤɟ ɨɛɳɟɣ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɨɣ ɩɪɨɛɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.4. [32]. 
 
      
      ɏ1 – (ɮɪ.–1+0,5 ɦɦ)          ɏ2 – (ɮɪ.–0,5+0,4ɦɦ)          ɏ3 – (ɮɪ.0,2+0,071ɦɦ) 
Ɋɢɫɭɧɨɤ 3.4 – Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɮɪɚɤɰɢɣ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟ-
ɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɷɥɟɤɬɪɨɥɢɡɟɪɚ. 
 
Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɨɩɪɟɞɟɥɟɧ ɩɭɬɟɦ ɪɚɫɫɟ-
ɜɚ ɨɬɯɨɞɚ ɧɚ ɫɢɬɨɜɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɧɚ ɨɬɞɟɥɶɧɵɟ ɮɪɚɤɰɢɢ .Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɫɟɜɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɵ ɨɬɯɨɞɚ ɦɚɫɫɨɣ  ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.5 
 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɯɨɞɨɜ 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ,% 
SiO2 Al2O3 Fe2O3 CaO MgO Na2O SO42- F- 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɲɚɦɨɬɧɚɹ 
ɮɭɬɟɪɨɜɤɚ 
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
65,64 20,86 2,78 0,90 0,86 4,21 0,23 2,53 
64 
 
 
Ɋɢɫɭɧɨɤ 3.5 – Ƚɢɫɬɨɝɪɚɦɦɚ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭ-
ɬɟɪɨɜɤɢ 
 
ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɨɦɭ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ ɩɪɟɜɚɥɢɪɭɸɳɟɣ 
ɹɜɥɹɟɬɫɹ ɮɪɚɤɰɢɹ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ . 
Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɧɚ Ʉɪɚɫ-
ɧɨɹɪɫɤɨɦ ɚɥɸɦɢɧɢɟɜɨɦ ɡɚɜɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 19-20 ɬɵɫ. ɬɨɧɧ.[39]. 
 
3.2 Ɋɚɡɪɚɛɨɬɤɚ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 
Ɉɰɟɧɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɨɬɯɨɞɨɜ ɩɪɨɜɟɞɟɧɚ ɫ ɭɱɟɬɨɦ ɢɯ ɯɢ-
ɦɢɱɟɫɤɨɝɨ, ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɝɨ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɪɟɤɨɦɟɧɞɚɰɢɣ 
ɩɨ ɧɨɪɦɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɚɜɨɞɨɜ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɤɟɪɚɦɢ-
ɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ [8, 9, 10]. ɇɨɪɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6. 
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Ɏɪɚɤɰɢɢ, ɦɦ 
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Ɍɚɛɥɢɰɚ 3.6 – ɇɨɪɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɚɜɨɞɨɜ ɩɨ ɩɪɨ-
ɢɡɜɨɞɫɬɜɭ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ 
 
Ʉɨɥɢɱɟɫɬɜɨ (ɩɨ V),% Max ɞɨɩɭɫɬɢɦɚɹ ɮɪɚɤɰɢɹ, 
ɦɦ 
Ɉɬɨɳɚɸɳɢɟ ɞɨɛɚɜɤɢ 
Ʉɜɚɪɰɟɜɵɣ ɩɟɫɨɤ 10-25 - 
Ⱦɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ 5-15 - 
ɍɧɨɫɵ ɤɟɪɚɦɡɢɬɨɜɵɟ 5-10 - 
Ʌɢɝɧɢɧ, ɰɟɥɥɨɥɢɝɧɢɧ 5-15 - 
Ⱦɟɝɢɞɪɚɬɢɪɨɜɚɧɧɚɹ ɝɥɢɧɚ 15-40 - 
ɒɚɦɨɬ : 3-10 - 
- ɞɥɹ ɩɨɥɧɨɬɟɥɵɯ ɢɡɞɟɥɢɣ - 3,0 
- ɞɥɹ ɩɭɫɬɨɬɟɥɵɯ ɢɡɞɟɥɢɣ - 2,0 
- ɞɥɹ ɥɢɰɟɜɵɯ ɢɡɞɟɥɢɣ - 1,5 
Ⱦɨɦɟɧɧɵɟ ɢ ɜɚɝɪɚɧɨɱɧɵɟ 
ɲɥɚɤɢ 
5-25 3,0 
Ɍɨɩɥɢɜɨɫɨɞɟɪɠɚɳɢɟ ɞɨɛɚɜɤɢ 
ɍɝɨɥɶ (ɬɨɳɢɣ) 2-10 0,6 
Ɂɨɥɵ Ɍɗɋ 10-75 0,6 
Ɉɬɯɨɞɵ ɭɝɥɟɨɛɨɝɚɳɟɧɢɹ 10-100 0,6 
Ɉɬɯɨɞɵ ɭɝɥɟɞɨɛɵɱɢ 10-25 0,6 
Ʉɨɬɟɥɶɧɵɟ ɲɥɚɤɢ 10-20 0,6 
Ɉɬɯɨɞɵ ɝɪɚɮɢɬɨɜɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ 
5-10 0,6 
Ɉɩɢɥɤɢ ɢ ɞɪ.ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɦɚɬɟɪɢɚɥɵ 
- 1,5 
ɉɥɚɫɬɢɮɢɰɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ 
ȼɵɫɨɤɨɩɥɚɫɬɢɱɧɚɹ ɝɥɢɧɚ 5-20 ȼ ɜɢɞɟ ɩɨɪɨɲɤɚ ɢɥɢ ɲɥɢɤɟɪɚ 
Ȼɟɧɬɨɧɢɬɨɜɚɹ ɝɥɢɧɚ 2-9 ȼ ɜɢɞɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ 
ɉɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ 
ɜɟɳɟɫɬɜɚ 
0,3-2 - 
Ɏɥɸɫɭɸɳɢɟ ɞɨɛɚɜɤɢ 
ɋɬɟɤɥɨɛɨɣ  5-10 0,5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.6 
ɉɢɪɢɬɧɵɟ ɨɝɚɪɤɢ 5-10 1,0 
Ⱦɨɛɚɜɤɢ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɟ ɜɵɫɨɥɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɰɟɜɵɯ ɢɡɞɟɥɢɣ 
ɍɝɥɟɤɢɫɥɵɣ ɛɚɪɢɣ 0,5-1 ȼ ɜɢɞɟ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɢɥɢ 
ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ Ƚɢɞɪɚɬ ɨɤɢɫɢ ɛɚɪɢɹ 0,5-1 
Ɉɤɪɚɲɢɜɚɸɳɢɟ ɞɨɛɚɜɤɢ 
Ɇɚɪɝɚɧɰɟɜɵɟ ɢ ɯɪɨɦɢɫɬɵɟ 
ɪɭɞɵ 
3-10 - 
ɀɟɥɟɡɢɫɬɚɹ ɪɭɞɚ 5-15 - 
Ʉɚɪɛɨɧɚɬɧɵɟ ɩɨɪɨɞɵ 15-30 0,1 ɢɥɢ ɜ ɜɢɞɟ ɲɥɢɤɟɪɚ 
 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 3.6 ɨɩɪɟɞɟɥɟɧɨ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɧɚɡɧɚ-
ɱɟɧɢɟ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ: 
– ɬɨɩɥɢɜɨɫɨɞɟɪɠɚɳɚɹ ɞɨɛɚɜɤɚ; 
– ɨɬɨɳɚɸɳɚɹ ɞɨɛɚɜɤɚ; 
– ɮɥɸɫɭɸɳɚɹ ɞɨɛɚɜɤɚ. 
ɋ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɨɜ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɦɚɫɫɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɫɨɞɟɪɠɚɳɢɟ ɨɬ 5 ɞɨ 25 ɦɚɫɫ. % ɬɪɟɯ ɨɫɧɨɜɧɵɯ 
ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɇɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɛɵɥɢ ɢɫɫɥɟɞɨ-
ɜɚɧɵ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ: ɥɢɧɟɣɧɚɹ ɜɨɡɞɭɲɧɚɹ ɭɫɚɞɤɚ 
(lɜɨɡɞ, %); ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ (ρ, ɝ/ɫɦ3); ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ (W, %); ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɫɠɚɬɢɢ (Rɫɠ, Ɇɉɚ). 
Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡ-
ɰɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɬɯɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 3.6 – 3.7. 
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Ɋɢɫɭɧɨɤ 3.6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɥɢɧɟɣɧɨɣ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɨɬɯɨɞɚ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟ-
ɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɚɛɥɸɞɚɟɬɫɹ  ɨɛɳɚɹ ɬɟɧ-
ɞɟɧɰɢɹ ɭɦɟɧɶɲɟɧɢɹ ɥɢɧɟɣɧɨɣ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ, ɡɚ ɫɱɟɬ 
ɭɦɟɧɶɲɟɧɢɹ ɭɫɚɞɨɱɧɵɯ ɹɜɥɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ. ɇɚɢɛɨɥɶɲɢɣ ɨɬɨɳɚɸɳɢɣ 
ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ. Ʌɢɧɟɣ-
ɧɚɹ ɜɨɡɞɭɲɧɚɹ ɭɫɚɞɤɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɫɨɞɟɪɠɚɳɢɯ  25 ɦɚɫɫ.%  ɞɚɧɧɨɝɨ ɜɢɞɚ 
ɨɬɯɨɞɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 2,5%. ɉɪɢ ɷɬɨɦ ɜ ɦɚɫɫɚɯ ɫɨɞɟɪɠɚɳɢɯ 25 ɦɚɫɫ.% ɭɝɨɥɶ-
ɧɨɣ ɮɭɬɟɪɨɜɤɢ ɢ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɡɧɚɱɟɧɢɹ ɥɢɧɟɣɧɨɣ ɜɨɡ-
ɞɭɲɧɨɣ ɭɫɚɞɤɢ ɫɨɫɬɚɜɥɹɸɬ 6,5 ɢ 7 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧ-
ɧɵɯ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɫɭɲɢɥɶɧɵɯ ɫɜɨɣɫɬɜ ɤɟ-
ɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɲɚɦɨɬɧɭɸ ɮɭɬɟɪɨɜɤɭ, ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɥɢɧɟɣɧɭɸ ɜɨɡɞɭɲɧɭɸ ɭɫɚɞɤɭ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɜ 4 ɪɚɡɚ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɚɜɨɞɫɤɨɣ ɲɢɯɬɨɣ [1, 2, 44]. 
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    (ɜ) 
Ɋɢɫɭɧɨɤ 3.7 – Ɂɚɜɢɫɢɦɨɫɬɶ ɜɨɞɨɩɨɝɥɚɳɟɧɢɹ (ɚ), ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ (ɛ) 
ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ  ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ (ɜ). 
 
Ɉɫɧɨɜɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɫɬɟɩɟɧɶ ɫɩɟɤɚɟɦɨɫɬɢ ɤɟɪɚ-
ɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɹɜɥɹɸɬɫɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɢ ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ. Ʉɨɥɢ-
ɱɟɫɬɜɟɧɧɨ ɫɬɟɩɟɧɶ ɫɩɟɤɚɟɦɨɫɬɢ ɝɥɢɧ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɢɧɬɟɪɜɚ-
ɥɨɦ ɫɩɟɤɚɧɢɹ ɢ ɢɧɬɟɪɜɚɥɨɦ ɫɩɟɤɲɟɝɨɫɹ ɫɨɫɬɨɹɧɢɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɩɟɤɲɢɦɫɹ 
ɫɱɢɬɚɟɬɫɹ ɤɟɪɚɦɢɱɟɫɤɢɣ ɱɟɪɟɩɨɤ, ɢɦɟɸɳɢɣ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɧɟ ɛɨɥɟɟ 5%. ɉɪɢ 
ɨɛɠɢɝɟ ɝɥɢɧɢɫɬɵɯ ɫɢɫɬɟɦ, ɪɟɚɥɢɡɭɟɬɫɹ ɦɟɯɚɧɢɡɦ ɠɢɞɤɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɡɚɩɨɥɧɟɧɢɟ ɩɨɪ ɢ ɭɫɚɞɤɚ ɦɚɬɟɪɢɚɥɚ ɩɪɨɬɟɤɚɟɬ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɡɧɚ-
ɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɣ ɮɚɡɵ ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɠɟɥɟɡɢɫɬɵɟ ɫɢɥɢ-
ɤɚɬɧɵɟ ɪɚɫɩɥɚɜɵ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜ-
ɤɢ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɨɬ 10 ɞɨ 21%, ɩɪɢ 
ɷɬɨɦ ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 1,81 ɞɨ 1,45 ɝ/ɫɦ3. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ 
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ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ ɩɪɨɢɫɯɨɞɢɬ ɜɵɝɨɪɚɧɢɟ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɫ ɨɛɪɚɡɨɜɚ-
ɧɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɪ. ɉɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɣ ɮɬɨɪɢɫɬɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɧɟ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɦɢɧɟɪɚɥɢɡɭɸɳɟɝɨ ɷɮɮɟɤɬɚ. ȼɵɫɨɤɚɹ 
ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɰɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ. ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɵɦ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɫ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɨɣ ɫɧɢ-
ɠɚɟɬɫɹ ɨɬ 20 ɞɨ 15  Ɇɉɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɢɬɶ ɤɢɪɩɢɱ ɦɚɪ-
ɤɢ Ɇ150 [51, 52]  
ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɫɧɚɱɚɥɚ ɩɨɜɵɲɚ-
ɟɬɫɹ ɞɨɫɬɢɝɚɹ ɦɚɤɫɢɦɭɦɚ ɜ 14% ɩɪɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ 15 ɦɚɫɫ.%, ɚ ɡɚɬɟɦ ɫɧɢ-
ɠɚɟɬɫɹ ɞɨ 11% ɩɪɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ 25 ɦɚɫɫ.%. ɋɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟ-
ɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɨɛɴɹɫɧɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɞɟɣɫɬɜɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɯɨɞɚ 
ɧɚ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɫɨɫɬɚɜɟ ɨɬɪɚɛɨ-
ɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɟ ɭɝɥɟɪɨɞ, ɫɝɨɪɚɟɬ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ, ɩɨɜɵɲɚɹ ɨɛ-
ɳɭɸ ɩɨɪɢɫɬɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ ɜ 
ɲɢɯɬɟ ɛɨɥɟɟ 15 ɦɚɫɫ.%, ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ, ɱɬɨ ɫɜɹɡɚɧɨ 
ɫ ɩɥɚɜɥɟɧɢɟɦ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɛɠɢɝɚ 1000-1100 ºɋ ɨɫɧɨɜɧɵɯ ɦɢɧɟ-
ɪɚɥɢɡɢɪɭɸɳɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɭɬɟɪɨɜɤɢ – NaF ɢ Na3AlF6, ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɜɵ-
ɫɨɤɨɪɟɚɤɰɢɨɧɧɨɣ ɠɢɞɤɨɣ ɮɚɡɵ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɩɟɤɚɧɢɹ.[2, 22] 
ɉɪɢ ɷɬɨɦ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 1,75 ɝ/ɫɦ3 
ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬɯɨɞɚ 25 ɦɚɫɫ.%. ɉɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɬɯɨɞɨɜ 
ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨɫɬɢɝɚɹ 30 Ɇɉɚ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬɯɨɞɚ 
25 ɦɚɫɫ.%. ɑɚɫɬɢɰɵ ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɢɫ-
ɬɨɱɧɢɤɨɦ ɦɢɧɟɪɚɥɢɡɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɧɨ ɢ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɚɪɦɢɪɭɸɳɟɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɝɨ ɜ ɚɦɨɪɮɢɡɢɪɨɜɚɧɧɨɣ ɦɚɬɪɢɰɟ, ɫɩɨ-
ɫɨɛɫɬɜɭɸɳɟɝɨ ɩɨɜɵɲɟɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɤɢ. ɑɬɨ ɩɨɞ-
ɬɜɟɪɠɞɚɟɬɫɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ  ɧɚ ɪɢ-
ɫɭɧɤɟ 3.8.[18] 
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Ɋɢɫɭɧɨɤ 3.8 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ 
 
Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɲɚɧ-
ɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɜɨɞɨ-
ɩɨɝɥɨɳɟɧɢɹ  (8,5%) ɢ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
(1,89 ɝ/ɫɦ3)  ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬɯɨɞɚ 25 ɦɚɫɫ.%. ɉɨɥɭɱɟɧɧɵɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬ-
ɫɹ ɡɚ ɫɱɟɬ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɯɨɞɚ ɧɚ ɩɪɨɰɟɫɫɵ ɫɩɟɤɚ-
ɧɢɹ.  ɋɨɞɟɪɠɚɳɢɣɫɹ ɜ ɲɥɚɦɟ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɣ ɭɝɥɟɪɨɞ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɡɞɚɧɢɸ 
ɜɨɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɯɨɞɭ ɫɨ-
ɞɟɪɠɚɳɢɯɫɹ ɜ ɫɭɝɥɢɧɤɟ Ʉɭɛɟɤɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɜ ɡɚɤɢɫ-
ɧɭɸ ɮɨɪɦɭ ɩɨ ɫɥɟɞɭɸɳɟɣ ɪɟɚɤɰɢɢ [1]: 
Fe2O3 + C = 2FeO + CO 
Ɉɛɪɚɡɭɸɳɚɹɫɹ ɨɤɫɢɞ ɠɟɥɟɡɚ (II) ɪɟɚɝɢɪɭɟɬ ɫ ɚɦɨɪɮɧɵɦ ɨɤɫɢɞɨɦ ɤɪɟɦɧɢɹ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɢɥɢɤɚɬɧɵɯ ɪɚɫɩɥɚɜɨɜ ɨɛɥɚɞɚɸ-
ɳɢɯ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ.  
ɇɚɥɢɱɢɟ ɜ ɲɥɚɦɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɢɡɤɨɜɹɡɤɢɯ ɦɢɧɟɪɚɥɢɡɭɸ-
ɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɛɨɥɟɟ 16%), ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɬɟɤɭɱɟɫɬɢ ɠɟɥɟɡɢ-
ɫɬɵɯ ɫɢɥɢɤɚɬɧɵɯ ɪɚɫɩɥɚɜɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɨɩɬɢɦɚɥɶɧɵɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧ-
ɧɵɯ ɫɬɪɭɤɬɭɪ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɮɚɡɵ ɚɧɨɪɬɢɬɚ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢ-
ɝɚ. (2, 40). Ɋɟɧɬɝɟɧɨ-ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥ ɬɟɧɞɟɧɰɢɸ ɭɜɟɥɢɱɟɧɢɹ 
ɩɨɥɟɡɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ – ɚɧɨɪɬɢɬɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɫɦɟ-
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ɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ. ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ 
ɜ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɫɨ ɫɦɟɲɚɧɧɵɦɢ ɨɬɯɨɞɚɦɢ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7. 
 
Ɍɚɛɥɢɰɚ 3.7 – ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɜ ɨɛɪɚɡɰɚɯ ɫɨ ɫɦɟ-
ɲɚɧɧɵɦɢ ɨɬɯɨɞɚɦɢ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɮɚɡɚ 
ɋɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ ɦɚɫɫ.% 
0 10 20 
Ʉɜɚɪɰ 19,3 16,8 13,1 
Ʉɪɢɫɬɨɛɚɥɢɬ 4,8 3,4 2,65 
Ⱥɧɨɪɬɢɬ 55,1 63,6 71,2 
Ɇɚɝɧɟɬɢɬ 8,2 6,4 5 
 
Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚ ɫɨɞɟɪɠɚɳɟɝɨ 25 ɦɚɫɫ.% ɩɪɟɞɫɬɚɜ-
ɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.6. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɱɬɨ ɨɛɪɚɡɰɵ ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɟɟ 20 
ɦɚɫɫ.% ɞɟɮɨɪɦɢɪɭɸɬɫɹ ɢ ɱɚɫɬɢɱɧɨ ɨɩɥɚɜɥɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ. ɉɪɢ ɷɬɨɦ 
ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɢɯ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɞɨ 21 Ɇɉɚ
.
. 
 
Ɋɢɫɭɧɨɤ 3.9 – ɊɎȺ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. 
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3.3 Ɉɩɬɢɦɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟ-
ɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
 
ɐɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɥɫɹ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 
ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚ-
ɦɨɜɨɝɨ ɩɨɥɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 530–
2012 «Ʉɢɪɩɢɱ ɢ ɤɚɦɟɧɶ ɤɟɪɚɦɢɱɟɫɤɢɟ. Ɉɛɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ». 
 
3.2.1 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɮɚɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ 
 
ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɜɵɛɪɚɧɵ: ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ, 
ɝ/ɫɦ3 (Y1), ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ, % (Y2), ɭɫɚɞɤɚ ɥɢɧɟɣɧɚɹ ɨɛɳɚɹ, %(Y3), ɭɫɚɞɤɚ ɨɛɴ-
ɟɦɧɚɹ ɨɛɳɚɹ, % (Y4). ȼɵɛɨɪ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɨɫɧɨɜɚɧ ɧɚ ɫɭɳɟ-
ɫɬɜɟɧɧɨɦ ɢɯ ɜɥɢɹɧɢɢ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɞɨɥɝɨ-
ɜɟɱɧɨɫɬɶ ɢɡɞɟɥɢɣ. 
ȼ ɤɚɱɟɫɬɜɟ ɮɚɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɛɪɚɧɵ: ɫɨɞɟɪɠɚɧɢɟ ɨɬɯɨɞɚ, % ɩɨ ɦɚɫ-
ɫɟ (ɏ1); ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɠɢɝɚ t ɱ, (ɏ2); ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ T °ɋ, (ɏ3). ɗɬɢ 
ɮɚɤɬɨɪɵ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɩɬɢ-
ɦɢɡɚɰɢɢ. 
 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɩɟɤɚɧɢɹ 
ɋɩɟɤɚɧɢɟ ɩɪɟɫɫɨɜɨɤ – ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɩɨ-
ɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ. ɉɨɥɟɡɧɵɟ ɫɜɨɣɫɬɜɚ ɢɡɞɟɥɢɣ ɩɨɥɭɱɚɸɬ ɩɨɫɥɟ ɡɧɚɱɢ-
ɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɫɩɟɤɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɫɩɟɤɚɧɢɹ ɫɨ-
ɫɬɨɢɬ ɜ ɩɨɥɭɱɟɧɢɢ ɢɡɞɟɥɢɣ ɫ ɡɚɞɚɧɧɨɣ ɢɥɢ ɞɨɩɭɫɬɢɦɨɣ ɩɨɪɢɫɬɨɫɬɶɸ. 
ȼɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɢɫɯɨɞɧɨɦ 
ɝɥɢɧɢɫɬɨɦ ɫɵɪɶɟ, ɬɨ ɟɫɬɶ ɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɝɥɢɧɢɫɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ. ȼɟɪɯɧɢɣ ɩɪɟɞɟɥ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɤɚɤ 
0,85 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. ɇɢɠɧɢɣ ɩɪɢɞɟɥ ɡɚɜɢɫɢɬ ɨɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨ-
ɬɟɤɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɥɢɧɢɫɬɨɦ ɫɵɪɶɟ ɢ ɬɟɯ-
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ɧɨɝɟɧɧɵɯ ɞɨɛɚɜɤɚɯ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɨɩɢɫɚɧɢɟ ɫɯɟɦɵ 1.1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800–900 
°ɋ ɜ ɝɥɢɧɢɫɬɨɦ ɫɵɪɶɟ ɧɚɱɢɧɚɸɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɠɢɞɤɢɟ ɮɚɡɵ [14]. 
ɀɢɞɤɚɹ ɮɚɡɚ ɧɚ ɤɨɧɬɚɤɬɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜɫɥɟɞɫɬɜɢɟ 
ɪɚɡɥɢɱɧɵɯ ɩɪɢɱɢɧ: ɩɥɚɜɥɟɧɢɹ ɩɪɢɦɟɫɟɣ (ɞɨɛɚɜɨɤ), ɨɛɪɚɡɨɜɚɧɢɹ ɧɢɡɤɨɩɥɚɜɤɢɯ 
ɷɜɬɟɤɬɢɤ, «ɤɨɧɬɚɤɬɧɨɝɨ ɩɥɚɜɥɟɧɢɹ», ɩɥɚɜɥɟɧɢɹ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢ ɞɪ. 
Ʉɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɣ ɮɚɡɵ ɞɥɹ ɟɟ ɭɱɚɫɬɢɹ ɜ ɫɩɟɤɚɧɢɢ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɵɦ, 
ɱɬɨɛɵ ɡɚɩɨɥɧɢɬɶ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɦ ɩɨɪ. ɀɢɞɤɚɹ ɮɚɡɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɣ ɮɚɡɵ ɩɨ ɞɜɭɦ ɦɟɯɚɧɢɡɦɚɦ: ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɞɢɮɮɭɡɢɟɣ ɢ ɪɚɫ-
ɬɟɤɚɧɢɟɦ. 
ɂɫɬɨɱɧɢɤɚɦɢ ɠɢɞɤɨɣ ɮɚɡɵ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨɩɥɚɜɤɢɟ ɷɜɬɟɤɬɢɤɢ, ɤɨɬɨɪɵɟ 
ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ CaO ɢ MgO ɢ ɳɟ-
ɥɨɱɧɵɯ Na2O ɢ K2O ɨɤɫɢɞɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ SiO2 ɢ TiO2. 
ȼ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɬɟɦɩɟɪɚɬɭɪ 150–200 °ɋ ɜɵɞɟɥɹɟɬɫɹ ɨɫɬɚ-
ɬɨɱɧɚɹ ɜɥɚɝɚ (ɜɨɞɚ ɡɚɬɜɨɪɟɧɢɹ, ɝɢɝɪɨɫɤɨɩɢɱɟɫɤɚɹ ɜɨɞɚ). ȼ ɷɬɨɬ ɩɟɪɢɨɞ ɨɛɠɢɝɚ 
ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɹɝɟ ɢ ɛɨɥɶɲɨɦ ɜɵɞɟɥɟɧɢɢ ɩɚɪɨɜ ɜɨɞɵ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ 
ɢɯ ɤɨɧɞɟɧɫɚɰɢɹ ɧɚ ɢɡɞɟɥɢɹɯ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɫɟɱɟɤ ɢ ɬɪɟ-
ɳɢɧ. 
ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɚɧɢɢ ɢɡɞɟɥɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400–600 °ɋ ɜ ɝɥɢ-
ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɥɨɠɟɧɢɟ ɤɚɨɥɢɧɢɬɚ ɫ ɜɵɞɟɥɟɧɢɟɦ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɣ ɜɨɞɵ. 
ȼ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɢɧɬɟɪɜɚɥɟ 600–900 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨɟ ɢ ɧɟɛɨɥɶɲɨɟ 
ɨɛɴɟɦɧɨɟ ɢɡɦɟɧɟɧɢɟ, ɜ ɨɛɳɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɟ ɜ ɩɪɟɞɟɥɚɯ 2–
2,5 %, ɢ ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢɡɞɟɥɢɣ. ȼ ɷɬɨɦ ɠɟ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɢɧɬɟɪɜɚɥɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɭɝɥɟɪɨɞɢɫɬɵɯ ɩɪɢɦɟɫɟɣ ɢ ɫɭɥɶɮɢɞɨɜ, ɪɚɡɥɨ-
ɠɟɧɢɟ ɤɚɪɛɨɧɚɬɨɜ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɩɪɢɦɟɫɟɣ. 
ɉɪɢ 800 °ɋ ɧɚɱɢɧɚɟɬɫɹ ɫɩɟɤɚɧɢɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɩɨ-
ɪɢɫɬɨɫɬɢ. ɋɩɟɤɚɧɢɟ ɩɪɢ ɨɛɠɢɝɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɠɢɞɤɨɣ ɮɚɡɵ, ɩɨɹɜɥɹɸɳɟɣ-
ɫɹ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɭɠɟ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (800–
1000 °ɋ). ɋɩɟɤɚɧɢɸ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɨɧɤɨɟ ɢɡɦɟɥɶɱɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɦɚɫɫ.  
ɍɜɟɥɢɱɟɧɢɟ ɜ ɨɛɴɟɦɟ, ɧɚɛɥɸɞɚɟɦɨɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1300 °ɋ, ɜɵ-
ɡɵɜɚɟɬɫɹ ɜɫɩɭɱɢɜɚɧɢɟɦ ɝɥɢɧɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪ
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ɞɭɤɬɨɜ ɢ ɢɯ ɪɚɫɲɢɪɟɧɢɟɦ; ɨɧɨ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɨɛɠɢɝɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɩɟɤɚɧɢɹ. Ɉɛɠɢɝ ɨɛɪɚɡɰɨɜ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 950–1000 °ɋ. 
 
ɋɨɞɟɪɠɚɧɢɟ ɨɬɯɨɞɚ 
ɋɦɟɲɚɧɧɵɟ ɨɬɯɨɞɵ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɞɜɚ ɜɚɠɧɵɯ ɤɨɦɩɨ-
ɧɟɧɬɚ ɭɝɥɟɪɨɞ ɢ ɮɬɨɪɢɞɧɵɟ ɫɨɥɢ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ. ȼ ɬɨɦ ɱɢɫɥɟ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɠɢɞɤɨɣ ɮɚɡɵ 
ɫɩɨɫɨɛɫɬɜɭɸɳɟɣ ɨɛɪɚɡɨɜɚɧɢɸ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ [18]. 
ɋɨɞɟɪɠɚɳɢɣɫɹ ɜ ɨɬɯɨɞɚɯ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɭɝɥɟɪɨɞ ɛɭɞɟɬ ɢɧɬɟɧɫɢɜɧɨ ɫɝɨɪɚɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɠɢɝɚ 700–900 °ɋ, ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɵɞɟɥɟɧɢɸ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɟɥɟ ɨɛɠɢɝɚɟɦɨɝɨ ɢɡɞɟɥɢɹ. 
Ɍɚɤɠɟ ɭɝɥɟɪɨɞ ɛɭɞɟɬ ɫɨɡɞɚɜɚɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɚɬɦɨɫɮɟɪɭ ɫɩɨɫɨɛɫɬɜɭɸ-
ɳɟɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɨɤɫɢɞɚ ɠɟɥɟɡɚ (Fe2O3) ɞɨ ɟɝɨ ɡɚɤɢɫɢ (FeO), ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɢɥɢɤɚɬɧɵɟ ɪɚɫɩɥɚɜɵ ɢ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨ-
ɰɟɫɫ ɫɩɟɤɚɧɢɹ. Ɏɬɨɪɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɨɬɯɨɞɟ, ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɩɨɧɢɠɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ, ɤɨɬɨɪɵɟ ɡɚɩɨɥɧɹɸɬ ɩɨɪɵ ɜɧɭɬ-
ɪɢ ɨɛɪɚɡɰɚ, ɱɬɨ ɬɚɤɠɟ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɞɟɥɢɹ 
ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ 
ɐɢɤɥ ɨɛɠɢɝɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɫɨɫɬɨɢɬ ɢɡ ɩɟɪɢɨɞɨɜ ɧɚɝɪɟɜɚɧɢɹ, ɜɵ-
ɞɟɪɠɤɢ ɜ ɨɛɥɚɫɬɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɨɯɥɚɠɞɟɧɢɹ. Ʉɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɨɛɠɢɝɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫɨɦ ɬɪɟ-
ɛɨɜɚɧɢɣ ɤ ɫɜɨɣɫɬɜɚɦ ɢɡɞɟɥɢɹ. ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɫɩɟɤɚɧɢɹ ɜ ɨɛɠɢɝɟ ɫɢɥɶɧɨ 
ɜɨɡɪɚɫɬɚɟɬ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ. ɑɚɳɟ ɜɫɟɝɨ ɝɥɚɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɜɵɞɟɪɠɤɟ ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɢɦɟɧɧɨ ɜ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɫɩɟɤɚɧɢɹ [5]. Ɉɞɧɚɤɨ ɜ 
ɢɧɵɯ ɫɥɭɱɚɹɯ ɬɪɟɛɭɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ ɨɩɪɟɞɟ-
ɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɡɚɜɟɪɲɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢɥɢ ɮɚɡɨɜɵɯ ɩɪɟ-
ɜɪɚɳɟɧɢɣ. 
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ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɜɨɡɦɨɠɧɨ, ɡɧɚɱɢɬɟɥɶɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ, ɩɨɥɭɱɚɹ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɚɧɚɥɨɝɢɱ-
ɧɵɣ ɪɟɡɭɥɶɬɚɬ. Ɂɚɞɚɜɚɟɦɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɨɛɠɢɝɚ ɢɡɞɟɥɢɣ ɢɡ ɨɞɧɨɣ 
ɢ ɬɨɣ ɠɟ ɦɚɫɫɵ ɦɨɠɟɬ ɢɧɨɝɞɚ ɦɟɧɹɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 100 ºɋ ɢ ɞɚɠɟ ɛɨɥɟɟ. Ɍɚɤ ɤɚɤ 
ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɫɩɟɤɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɞɟɣɫɬɜɟɧɧɵɦ 
ɮɚɤɬɨɪɨɦ, ɱɟɦ ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ, ɬɨ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɜ ɞɨɩɭɫɬɢ-
ɦɵɯ ɩɪɟɞɟɥɚɯ ɬɪɟɛɭɟɬ ɨɱɟɧɶ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɜɵɞɟɪɠɤɢ, ɧɚɩɪɢɦɟɪ ɫ 
0,25–0,5 ɞɨ 5–8 ɱ ɢ ɛɨɥɟɟ. ɋ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ (ɪɚɫɯɨɞ ɬɨɩ-
ɥɢɜɚ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɟɱɟɣ) ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɨɬɤɢɣ ɨɛ-
ɠɢɝ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 
Ɋɟɠɢɦ ɜɵɞɟɪɠɤɢ ɜɵɛɢɪɚɸɬ ɫ ɭɱɟɬɨɦ ɧɟ ɬɨɥɶɤɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ, ɧɨ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɢɡɞɟɥɢɣ. 
Ɋɨɥɶ ɷɬɨɝɨ ɮɚɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɚɪɶɢɪɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɥɟ ɢɡɞɟɥɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɟɝɨ ɬɨɥɳɢɧɵ, ɬɨ ɟɫɬɶ 
ɧɚɢɦɟɧɶɲɟɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɡɦɟɪɚ ɩɨ ɫɟɱɟɧɢɸ.  
ɉɟɪɢɨɞ ɧɚɝɪɟɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɫɥɨɠɧɨɣ ɫɬɚɞɢɟɣ ɨɛɠɢɝɚ. Ɉɫɧɨɜɧɚɹ 
ɡɚɞɚɱɚ ɜ ɷɬɨɬ ɩɟɪɢɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɝɪɟɬɶ ɢɡɞɟɥɢɟ ɞɨ ɬɪɟɛɭɟɦɨɣ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɢɡɛɟɠɚɜ ɩɪɢ ɷɬɨɦ ɟɝɨ ɪɚɡɪɭɲɟɧɢɹ (ɩɨɜɪɟɠɞɟɧɢɹ). 
Ɉɩɚɫɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɢɡɞɟɥɢɹ ɜɵɡɵɜɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɨɛɴɟɦɧɵɦɢ ɢɡɦɟɧɟɧɢɹ-
ɦɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɧɬɟɧɫɢɜɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɦɚɫɫɨɨɛɦɟɧɚ.  
ɉɟɪɢɨɞ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɪɹɞɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɨɫɨɛɟɧɧɨ ɩɨɥɭ-
ɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ) ɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦɢ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɟɫɥɢ ɧɟ ɫɱɢɬɚɬɶ ɧɨɪɦɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɠɚɬɢɹ. ɉɪɢ ɷɬɨɦ ɜ ɬɟɥɟ ɨɯɥɚɠɞɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜɨɡɧɢɤɚɸɬ ɜɪɟɦɟɧɧɵɟ ɬɟɪɦɢɱɟ-
ɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɪɚɬɧɵɟ ɩɨ ɡɧɚɤɭ ɧɚɩɪɹɠɟɧɢɹɦ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɪɚɫɲɢɪɟɧɢ-
ɟɦ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ.  
Ɏɚɤɬɢɱɟɫɤɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɛɠɢɝɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟ-
ɥɢɣ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɟɱɚɯ ɩɨɱɬɢ ɜɫɟɝɞɚ ɧɚɦɧɨɝɨ ɩɪɟɜɵɲɚɟɬ ɦɢɧɢɦɚɥɶɧɭɸ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ, ɬɪɟɛɭɟɦɭɸ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɟɡɞɟɮɟɤɬɧɨɣ ɩɪɨɞɭɤɰɢɢ. ȼ ɧɚ-
76 
 
ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ ɜɟɞɭɬ ɪɚɛɨɬɵ ɩɨ 
ɫɨɤɪɚɳɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɠɢɝɚ ɢɡɞɟɥɢɣ.  
ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɵɛɪɚɧɵ ɭɪɨɜɧɢ ɢ ɢɧɬɟɪɜɚɥɵ 
ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ. Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ, ɤɟɪɚɦɢɱɟ-
ɫɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɢ ɢɧ-
ɬɟɪɜɚɥɵ ɢɯ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.8. 
 
Ɍɚɛɥɢɰɚ 3.8 – ɍɪɨɜɧɢ ɢ ɢɧɬɟɪɜɚɥɵ ɜɚɪɶɢɪɨɜɚɧɶɹ ɮɚɤɬɨɪɨɜ 
Ɏɚɤɬɨɪɵ ɍɪɨɜɧɢ ɮɚɤɬɨɪɨɜ ɂɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ 
-1 0 +1 
ɏ1 – ɫɨɞɟɪɠɚɧɢɟ ɨɬɯɨɞɚ, ɦɚɫɫ. % 5 10 15 5 
ɏ2 – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɠɢɝɚ t, ɱ 2 3 4 1 
ɏ3 – ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ Ɍ, °ɋ  900 950 1000 50 
 
Ɉɩɬɢɦɢɡɚɰɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɤɢɪɩɢɱɚ, ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɩɭɬɟɦ 
ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 23. ɉɥɚɧ ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧ-
ɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.9.  
 
Ɍɚɛɥɢɰɚ 3.9 – ɉɥɚɧ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
Ɉɩɵɬ ȼ ɛɟɡɪɚɡɦɟɪɧɨɦ ɦɚɫɲɬɚɛɟ ȼ ɧɚɬɭɪɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ Ɉɬɤɥɢɤɢ ɏ1 ɏ2 ɏ3 ɨɬɯɨɞ, % τ, ɱ ɋ ρɤɠ W lɨɛɳ Vɨɛɳ 
1 - - + 5 2 1000 1,72 12,16 8,20 20,66 
2 + - + 15 2 1000 1,69 11,87 8,00 20,00 
3 - + + 5 4 1000 1,72 11,87 10,00 22,25 
4 + + + 15 4 1000 1,68 11,32 9,53 18,82 
5 - - - 5 2 900 1,72 14,97 9,67 20,00 
6 + - - 15 2 900 1,64 14,58 8,00 18,45 
7 - + - 5 4 900 1,70 14,48 8,00 20,70 
8 + + - 15 4 900 1,60 13,49 7,80 17,77 
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɟ ɛɵɥɢ ɪɚɫɫɱɢ-
ɬɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɨɩɬɢɦɢɡɚɰɢɢ: 
– Ʉɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ ρɤɠ, ɝ/ɫɦ3 (Y1); 
– ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ W, % (Y2); 
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– ɍɫɚɞɤɚ ɥɢɧɟɣɧɚɹ ɨɛɳɚɹ lɨɛɳ, % (Y3); 
– ɍɫɚɞɤɚ ɨɛɴɟɦɧɚɹ ɨɛɳɚɹ Vɨɛɳ, % (Y4). 
Ⱦɥɹ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɫɱɢɬɚɥɢ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫ-
ɫɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɢɠɟ: 
 
Y1=1,68-0,027·X1-0,008·X2+0,018·X3+0,013·X1·X3; 
Y2=13,09-1,29·X3; 
Y3=8,65-0,32·X1+0,28·X3+0,65·X2·X3; 
Y4=19,83-1,07·X1+0,60·X3-0,52·X1·X2-0,17·X1·X2·X3. 
 
ɉɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ ɩɪɨɜɟɪɹɟɬɫɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ. ȼ ɬɚɛ-
ɥɢɰɟ 3.10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ. 
 
Ɍɚɛɥɢɰɚ 3.10 – Ɋɚɫɱɟɬ ɚɞɟɤɜɚɬɧɨɫɬɢ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
 Y1 Y2 Y3 Y4 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢ-
ɬɟɪɢɹ Ɏɢɲɟɪɚ Fɪɚɫɱ 11,55 10,35 9,5 10,27 
Ɍɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ 
ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ Fɬɚɛɥ 9,01 9,01 9,01 9,01 
Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ Ⱥɞɟɤ-
ɜɚɬɧɨ 
Ⱥɞɟɤ-
ɜɚɬɧɨ 
Ⱥɞɟɤ-
ɜɚɬɧɨ 
Ⱥɞɟɤ-
ɜɚɬɧɨ 
 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ 
ɨɩɬɢɦɢɡɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ, ɝɢɩɨɬɟɡɭ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ ɥɢ-
ɧɟɣɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɟɪɧɨɣ ɫ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ 95 %. 
ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɣ. 
ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ: 
 
Y1=1,68-0,027·X1-0,008·X2+0,018·X3+0,013·X1·X3 
 
ɉɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ 
ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɜ ɭɪɚɜɧɟ-
ɧɢɢ ɢɦɟɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɧɚɤ. Ɉɞɧɚɤɨ ɡɧɚɤ (+) ɩɟɪɟɞ ɞɜɨɣɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢ-
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ɟɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɩɟɪɜɨɝɨ ɮɚɤɬɨɪɚ ɫ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ɧɚ ɧɢɠɧɢɣ 
ɷɬɚ ɬɟɧɞɟɧɰɢɹ ɦɨɠɟɬ ɧɚɪɭɲɢɬɫɹ. Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɡɧɚɤ (+) ɩɟɪɟɞ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɦ ɏ3, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ ɭɜɟɥɢɱɢɬɫɹ ɤɚɠɭɳɟɣɫɹ 
ɩɥɨɬɧɨɫɬɶ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɞ ɏ2 ɫɬɨɢɬ ɫɨ ɡɧɚɤɨɦ (-), ɤɨɬɨɪɵɣ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, 
ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɠɢɝɚ, ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ ɛɭɞɟɬ 
ɭɦɟɧɶɲɚɬɶɫɹ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨ ɦɨɞɭɥɸ ɫɬɨɢɬ ɩɟɪɟɞ 
ɏ1, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɚɢɛɨɥɶɲɟɦ ɜɥɢɹɧɢɢ ɧɚ ɤɚɠɭɳɭɸɫɹ ɩɥɨɬɧɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ 
ɨɬɯɨɞɚ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɟ. 
ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɢɦɟɟɬ ɜɢɞ: 
 
Y2=13,09-1,29·X3 
 
ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɨɬ 900 ɞɨ 
1000 °ɋ, ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ. 
ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɥɢɧɟɣɧɨɣ ɨɛɳɟɣ ɭɫɚɞɤɢ ɢɦɟɟɬ ɜɢɞ: 
 
Y3=8,65-0,32·X1+0,28·X3+0,65·X2·X3 
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɬɨɹɳɟɝɨ ɩɟɪɟɞ ɏ1, ɝɨɜɨɪɢɬ ɨ ɬɨɦ ɱɬɨ, ɧɚɢ-
ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɧɚ ɭɫɚɞɤɭ ɨɤɚɡɵɜɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɨɬɯɨɞɚ. Ɂɧɚɤ (-) ɩɟɪɟɞ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɦ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɭɦɟɧɶɲɟɧɢɢ ɥɢɧɟɣɧɨɣ ɨɛɳɟɣ ɭɫɚɞɤɢ ɩɪɢ ɭɜɟɥɢ-
ɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ. Ɂɧɚɤ (+) ɩɟɪɟɞ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɏ3, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɭɫɚɞɤɚ ɭɜɟɥɢɱɢɬɫɹ. Ɍɚɤɠɟ ɷɬɨ ɩɨɞɬɜɟɪ-
ɠɞɚɟɬ ɞɜɨɣɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ. 
ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɨɛɴɟɦɧɨɣ ɨɛɳɟɣ ɭɫɚɞɤɢ ɢɦɟɟɬ ɜɢɞ: 
 
Y4=19,83-1,07·X1+0,60·X3-0,52·X1·X2-0,17·X1·X2·X3; 
 
ɇɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɨɛɴɟɦɧɭɸ ɨɛɳɭɸ ɭɫɚɞɤɭ ɨɤɚɡɵɜɚɟɬ ɫɨɞɟɪɠɚɧɢɟ 
ɨɬɯɨɞɚ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɷɬɨɝɨ ɮɚɤɬɨɪɚ ɨɬ 5 ɞɨ 15 % ɭɫɚɞɤɚ ɭɦɟɧɶɲɚɟɬɫɹ. Ɍɚɤɠɟ 
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ɡɧɚɤ (-) ɩɟɪɟɞ ɞɜɨɣɧɵɦ ɢ ɬɪɨɣɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɟɪɟ-
ɯɨɞɟ ɩɟɪɜɨɝɨ ɮɚɤɬɨɪɚ ɫ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ɧɚ ɧɢɠɧɢɣ ɷɬɚ ɬɟɧɞɟɧɰɢɹ ɧɟ ɧɚɪɭɲɢɬ-
ɫɹ. Ɂɧɚɤ (+) ɩɟɪɟɞ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɏ3, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɨ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɧɨɣ 
ɨɛɳɟɣ ɭɫɚɞɤɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ. 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɩɟɪɟɜɟɞɟɦ ɜ ɧɚɬɭɪɚɥɶ-
ɧɵɣ ɦɚɫɲɬɚɛ. 
ɍɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɜ ɧɚɬɭɪɚɥɶɧɨɣ ɮɨɪɦɟ ɢɦɟɸɬ ɜɢɞ: 
 
Y1=3,21-0,055·ɋ-0,008·t-1,6·10-4·T+5,2·C·T; 
Y2=37,6-0,026·T; 
Y3=41,02-0,064·C-0,033·T+0,013·T·t-12,35·t; 
Y4=55,42+2,04·C-8,4·10-3·T+0,54·C·t+7,5·t-6,8·10-4·C·t·T+6,8·10-3·t·T+2,04· 
·10-3·C·T; 
 
3.3 Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ  
 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɜɨɫɩɪɢɹɬɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɩɪɨɝɪɚɦɦɟ 
«ɋɬɚɬɢɫɬɢɤɚ» ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ  ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬ-
ɜɢɹ ɢ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 3.10–3.13. 
 
80 
 
  
 1,7 
 1,69 
 1,68 
 1,67 
 1,66 
 1,65 
 1,64 
 1,63 
2,0 2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 3,8 4,0
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ  ɨɛɠɢɝɚ t, ɱ
6
8
10
12
14
ɋɨ
ɞɟɪ
ɠɚ
ɧɢ
ɟ ɨ
ɬɯɨ
ɞɚ,
 %
 
        ɚ) 
 1,704 
 1,692 
 1,68 
 1,668 
 1,656 
 1,644 
 1,632 
 1,62 
900 920 940 960 980 1000
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ Ɍ,  °ɋ
6
8
10
12
14
ɋɨ
ɞɟɪ
ɠɚ
ɧɢ
ɟ ɨ
ɬɯɨ
ɞɚ,
 %
 
        ɛ) 
Ɋɢɫɭɧɨɤ 3.10 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɨɬ ɫɨ-
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Ɋɢɫɭɧɨɤ 3.11 – Ɂɚɜɢɫɢɦɨɫɬɶ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɨɬ ɫɨɞɟɪ-
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Ɋɢɫɭɧɨɤ 3.12 – Ɂɚɜɢɫɢɦɨɫɬɶ ɥɢɧɟɣɧɨɣ ɨɛɳɟɣ ɭɫɚɞɤɢ ɨɬ 
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Ɋɢɫɭɧɨɤ 3.13 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɛɴɟɦɧɨɣ ɨɛɳɟɣ ɭɫɚɞɤɢ ɨɬ 
ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ ɢ ɚ) ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɠɢɝɚ, ɛ) 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ, ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɳɚɹ 
ɬɟɧɞɟɧɰɢɹ ɭɦɟɧɶɲɟɧɢɟ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 1,72 ɞɨ 1,60 ɝ/ɫɦ3 
(ɪɢɫɭɧɨɤ 3.10), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɲɥɚɦɟ ɝɪɚɮɢɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɝɥɟ-
ɪɨɞɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɩɥɢɜɨɫɨɞɟɪɠɚɳɟɣ ɞɨɛɚɜɤɨɣ (ɬɟɩɥɨ-
ɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, =20237 ɤȾɠ/ɤɝ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɚ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɨɛɠɢɝɚɟɦɨɝɨ ɢɡɞɟɥɢɹ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫ-
ɤɨɪɟɧɢɸ ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ. Ɍɚɤ ɠɟ ɭɫɬɚɧɨɜɥɟɧɨ ɭɦɟɧɶɲɟɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ 
ɫ 14,97 ɞɨ 11,32 % (ɪɢɫɭɧɨɤ 3.11), ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ ɨɬ 5 ɞɨ 15 
% ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɲɢɯɬɟ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɦɢɧɟɪɚɥɢɡɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɮɬɨɪɢɞ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɚɯ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ, ɫɩɨɫɨɛ-
ɫɬɜɭɸɳɢɯ ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɢɡɤɨɜɹɡɤɨɝɨ ɪɚɫɩɥɚɜɚ ɢɧɬɟɧɫɢɮɢɰɢɪɭɸɳɟɝɨ ɩɪɨ-
ɰɟɫɫ ɫɩɟɤɚɧɢɹ ɢ ɜɫɟ ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɢɡɞɟɥɢɣ ɫ ɜɵɫɨɤɢɦɢ ɮɢ-
ɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
ɇɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɨɛɳɟɣ ɭɫɚɞɤɢ ɨɛɴɟɦɧɨɣ ɨɬ 22,25 ɞɨ 17,77 (ɪɢ-
ɫɭɧɨɤ 3.13) ɢ ɥɢɧɟɣɧɨɣ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 10 ɞɨ 7,8 % (ɪɢɫɭɧɨɤ 3.12) ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɨɬɯɨɞɟ ɭɝɥɟɪɨɞɚ ɹɜɥɹɸɳɟɝɨɫɹ 
ɨɬɨɳɚɸɳɟɣ ɞɨɛɚɜɤɨɣ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɭɫɚɞɨɱɧɵɯ ɹɜɥɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ [19]. 
ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɵɜɚ-
ɟɬ ɧɚɥɢɱɢɟ ɜ ɧɢɯ ɡɟɪɟɧ ɤɜɚɪɰɚ (1), ɚ ɬɚɤ ɠɟ ɚɦɨɪɮɢɡɢɪɨɜɚɧɧɨɝɨ ɝɥɢɧɢɫɬɨɝɨ (2) 
ɜɟɳɟɫɬɜɚ ɢ ɩɨɪ (3) ɨɫɬɚɜɲɢɯɫɹ ɩɨɫɥɟ ɜɵɝɨɪɚɧɢɹ ɭɝɥɟɪɨɞɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɲɥɚɦɚ ɪɢɫɭɧɨɤ 3.14. 
 
83 
 
 
 
Ɋɢɫɭɧɨɤ 3.14 – Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɨɛɨɠɠɟɧɧɨɝɨ ɨɛɪɚɡɰɚ 
 
ɇɚ ɨɛɪɚɡɰɟ ɩɨɥɭɱɟɧɧɨɦ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ 
ɨɩɪɟɞɟɥɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 530–
2012 «Ʉɢɪɩɢɱ ɢ ɤɚɦɟɧɶ ɤɟɪɚɦɢɱɟɫɤɢɟ. Ɉɛɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ» [8]. Ɉɫ-
ɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.11. 
 
Ɍɚɛɥɢɰɚ 3.11 – Ɉɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɋɬɚɧɞɚɪɬɧɵɣ ɨɛɪɚɡɟɰ Ɉɛɪɚɡɟɰ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 
ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ, %: 
Ɋɹɞɨɜɨɣ ɤɢɪɩɢɱ 
 
ɇɟ ɦɟɧɟɟ 6 
 
11,32 
Ɇɨɪɨɡɨɫɬɨɣɤɨɫɬɶ, ɰɢɤɥ ɇɟ ɦɟɧɟɟ 50 ɇɟ ɦɟɧɟɟ 50 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ, 
Ɇɉɚ (ɤɝɫ/ɫɦ²) 
15 (150) 25 (250) 
 
 
 
3 
2 
1 
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ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ: 
1. ɉɪɨɜɟɞɟɧɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ 
ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɤɪɢɨɥɢɬ, ɯɟɚɥɢɬ) ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɬɯɨɞɚɯ, ɩɪɢ 
ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɢɫɬɵɯ ɫɨɥɟɣ, ɞɨ 17 ɦɚɫɫ.%, ɫɨɞɟɪɠɢɬɫɹ ɜ 
ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɚɯ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ. ɉɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɨɬɪɚɛɨɬɚɧɧɨɣ 
ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɢ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɚɯ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 67 ɢ  51 ɦɚɫɫ.% ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ. 
2. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɫɬɚɜɨɦ ɨɬɯɨɞɨɜ ɢ ɧɨɪɦɚɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ ɡɚɜɨɞɨɜ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɟɧɨ 
ɫɥɟɞɭɸɳɟɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɨɬɯɨɞɨɜ: ɨɬɯɨɞɵ ɦɨɝɭɬ ɜɜɨɞɢɬɫɹ ɤɚɤ 
ɬɨɩɥɢɜɧɚɹ, ɨɬɨɳɚɸɳɚɹ ɢ ɮɥɸɫɭɸɳɚɹ ɞɨɛɚɜɤɚ. 
3. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɜɨɞɢɦɨɝɨ ɨɬɯɨɞɚ ɨɬ 5 ɞɨ 25 ɦɚɫɫ. % 
ɧɚ  ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. 
4. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɚɛɥɸɞɚɟɬɫɹ  ɨɛɳɚɹ ɬɟɧɞɟɧɰɢɹ ɭɦɟɧɶɲɟɧɢɹ ɥɢɧɟɣɧɨɣ ɜɨɡɞɭɲ-
ɧɨɣ ɭɫɚɞɤɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ, ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɭɫɚɞɨɱɧɵɯ ɹɜɥɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ. ɇɚɢɛɨɥɶɲɢɣ ɨɬɨɳɚɸɳɢɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ 
ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ. Ʌɢɧɟɣɧɚɹ ɜɨɡɞɭɲɧɚɹ ɭɫɚɞɤɚ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɦɚɫɫ ɫɨɞɟɪɠɚɳɢɯ  25 ɦɚɫɫ.%  ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɬɯɨɞɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 2,5%. 
5. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟ-
ɲɚɧɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɜɨ-
ɞɨɩɨɝɥɨɳɟɧɢɹ  (8,5%) ɢ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
(1,89 ɝ/ɫɦ3)  ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬɯɨɞɚ 25 ɦɚɫɫ.%. ɉɨɥɭɱɟɧɧɵɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬ-
ɫɹ ɡɚ ɫɱɟɬ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɯɨɞɚ ɧɚ ɩɪɨɰɟɫɫɵ ɫɩɟɤɚɧɢɹ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɟɡɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ, ɜ ɱɚɫɬɧɨɫɬɢ ɚɧɨɪɬɢɬɚ. 
6. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ 30 Ɇɉɚ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ 25 ɦɚɫɫ.% ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ. 
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4 ɈɏɊȺɇȺ ɌɊɍȾȺ 
 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɪɹɞɨɦ ɨɩɚɫɧɵɯ ɢ 
ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɫɨɛɥɸɞɟɧɢɹ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯ-
ɪɚɧɵ ɬɪɭɞɚ. Ʉ ɨɩɚɫɧɵɦ ɢ ɜɪɟɞɧɵɦ ɮɚɤɬɨɪɚɦ ɨɬɧɨɫɹɬɫɹ ɞɜɢɠɭɳɢɟɫɹ ɦɟɯɚɧɢɡ-
ɦɵ, ɨɬɥɟɬɚɸɳɢɟ ɱɚɫɬɢɰɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɷɥɟɤɬɪɢ-
ɱɟɫɤɢɣ ɬɨɤ ɢ ɩɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɪɚɛɚɬɵ-
ɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬ.ɞ. ȼɫɟ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɬɪɚɜɦɟ ɱɟɥɨɜɟɤɚ ɢ ɥɢɲɢɬɶ 
ɟɝɨ ɬɪɭɞɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɞɨɥɝɨɟ ɜɪɟɦɹ [15]. 
Ɉɞɧɨɣ ɢɡ ɰɟɥɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɜɨɡɦɨɠɧɵɟ ɧɟɛɥɚ-
ɝɨɩɪɢɹɬɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ ɟɝɨ ɪɚɛɨɬɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɭɫɥɨ-
ɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɤɭɞɚ ɜɯɨɞɹɬ: 
– ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɦɟɳɟɧɢɹ (ɨɫɜɟɳɟɧɧɨɫɬɶ ɢ ɦɢɤɪɨɤɥɢɦɚɬ); 
– ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɢ ɨɛɪɚɡɭɸɳɢɯɫɹ 
ɜɟɳɟɫɬɜ; 
– ɩɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
– ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɞɪ. 
ɇɟɜɨɡɦɨɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɚɛɫɨɥɸɬɧɨ ɛɟɡɨɩɚɫɧɵɣ ɩɪɨɰɟɫɫ ɢɥɢ ɬɟɯɧɢɤɭ, ɧɨ 
ɧɭɠɧɨ ɫɬɚɪɚɬɶɫɹ ɫɜɟɫɬɢ ɜɫɟ ɜɪɟɞɧɵɟ ɢ ɨɩɚɫɧɵɟ ɮɚɤɬɨɪɵ ɤ ɧɭɥɸ. 
 
4.1 Ⱥɧɚɥɢɡ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɨɬɧɨɲɟɧɢɢ ɜɨɡɦɨɠ-
ɧɵɯ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ 
 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɤɚɮɟɞɪɵ «Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɮɢɡɢɤɨɯɢɦɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ». Ɉɫɧɨɜɧɵɦɢ ɦɚɬɟɪɢɚ-
ɥɚɦɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɹɜɥɹɥɢɫɶ, ɝɥɢɧɚ, ɫɭɝɥɢɧɨɤ ɢ ɨɬɪɚɛɨɬɚɧɧɵɟ ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɟɪɟɱɟɧɶ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɩɪɢɜɟɞɟɧ ɜ 
ɬɚɛɥɢɰɟ 4.1. 
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4.2 Ɏɢɡɢɤɨ – ɯɢɦɢɱɟɫɤɚɹ ɢ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ-
ɦɟɧɹɟɦɵɯ ɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ 
 
ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: ɝɥɢɧɚ ɤɚɧɬɚɬ-
ɫɤɚɹ, ɫɭɝɥɢɧɨɤ ɤɭɛɟɤɨɜɫɤɢɣ ɢ ɨɬɪɚɛɨɬɚɧɧɚɹ ɭɝɨɥɶɧɚɹ ɮɭɬɟɪɨɜɤɚ.  
ɉɪɢɦɟɧɹɟɦɨɟ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɵɪɶɟ ɢ ɦɚɬɟɪɢɚɥɵ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ 
ɦɨɝɭɬ ɨɤɚɡɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɭɸ ɩɪɢɪɨɞɭ. ɐɟɥɟɫɨɨɛ-
ɪɚɡɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɭɸ ɨɰɟɧɤɭ ɨɫɧɨɜɧɵɯ ɜɢɞɨɜ ɫɵɪɶɹ. 
ɇɚɢɛɨɥɶɲɟɟ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɦɚɫɫɟ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɭɝɨɥɶɧɭɸ ɮɭɬɟ-
ɪɨɜɤɭ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɢɜɟɞɟɧ ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 4.2. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɫɟɯ ɜɟɳɟɫɬɜ, ɜɯɨɞɹɳɢɯ ɜ ɲɢɯɬɭ (ɤɟɪɚɦɢɱɟɫɤɭɸ ɦɚɫɫɭ) 
ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.3. 
 
 
Ɍɚɛɥɢɰɚ 4.1 – Ɉɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɮɚɤɬɨɪɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
Ɉɩɟɪɚɰɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Ɉɩɚɫɧɵɟ ɮɚɤɬɨɪɵ ȼɪɟɞɧɵɟ ɮɚɤɬɨɪɵ 
  ɗɥ. ɬɨɤ ɇɚɝɪɟɬɵɟ ɬɟɥɚ 
Ɍɟɩɥɨɜɨɟ 
ɢɡɥɭɱɟɧɢɟ 
ɉɵɥɶ 
ɩɨɪɨɲɤɨɜ ɒɭɦ 
ɉɨɞɝɨɬɨɜɤɚ ɢ 
ɢɡɦɟɥɶɱɟɧɢɟ ɢɫ-
ɯɨɞɧɵɯ ɫɵɪɶɟ-
ɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
Ʉɨɥɶɰɟɜɚɹ ɦɟɥɶɧɢɰɚ + – – + + 
Ɋɚɫɫɟɜ ɦɚɬɟ-
ɪɢɚɥɨɜ ɧɚ 
ɮɪɚɤɰɢɢ 
ȼɢɛɪɨɫɢɬɚ + – – + + 
ɉɨɞɝɨɬɨɜɤɚ ɧɚ-
ɜɟɫɨɤ, ɜɡɜɟɲɢɜɚ-
ɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 
ɲɢɯɬɵ 
ɗɥɟɤɬɪɨɧɧɵɟ ɜɟɫɵ + – – + – 
Ɏɨɪɦɨɜɚɧɢɟ 
ɨɛɪɚɡɰɨɜ Ʌɚɛɨɪɚɬɨɪɧɵɣ ɩɪɟɫɫ + – – + + 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.1 
ɋɭɲɤɚ ɢ ɨɛɠɢɝ 
ɨɛɪɚɡɰɨɜ Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɩɟɱɶ + + + – – 
 
Ɍɚɛɥɢɰɚ 4.2 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɷɥɟɤɬɪɨ-
ɥɢɡɟɪɨɜ (ɦɚɫc.%) 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɬɯɨɞɨɜ ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 
ɉɨɬɟɪɢ ɩɪɢ 
ɩɪɨɤɚɥɢɜɚɧɢɢ 
SiO2   CaO MgO     
ɋɦɟɲɚɧɧɵɟ 
ɨɬɯɨɞɵ 
ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ 
0,68 12,53 1,13 0,73 0,60 15,89 0,64 16,38 51,42 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɭɝɨɥɶɧɚɹ 
ɮɭɬɟɪɨɜɤɚ  
22,40 15,01 2,05 2,60 2,58 
Ⱦɨ 
15 
0,23 Ⱦɨ 15 2,09 
Ɉɬɪɚɛɨɬɚɧɧɚɹ 
ɲɚɦɨɬɧɚɹ 
ɮɭɬɟɪɨɜɤɚ 
ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ 
65,64 20,86 2,78 0,90 0,86 4,21 0,23 2,53  
 
Ɍɚɛɥɢɰɚ 4.3 – Ɍɨɤɫɢɤɨɥɨɝɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɟɳɟɫɬɜ 
ɇɚɢɦɟɧɨɜɚ-
ɧɢɟ ɜɟɳɟɫɬɜɚ  
Ⱥɝɪɟɝɚɬɧɨɟ 
ɫɨɫɬɨɹɧɢɟ  
Ʉɨɥɢɱɟɫɬɜɨ, 
ɝ/ɫɭɬ.  
ɉȾɄ ɜ ɪɚ-
ɛɨɱɟɣ ɡɨ-
ɧɟ, 
ɦɝ/ɦ 3 
Ʉɥɚɫɫ 
ɬɨɤɫɢɱ-
ɧɨɫɬɢ  
ɏɚɪɚɤɬɟɪ ɜɨɡɞɟɣɫɬɜɢɹ 
ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ  
Ƚɥɢɧɚ 
Ʉɚɧɬɚɬɫɤɚɹ 
 
Ɍɜɟɪɞɨɟ 
ɜɟɳɟɫɬɜɨ 
 
400 2 3 
Ɍɢɩɢɱɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, 
ɜɨɡɧɢɤɚɸɳɟɟ ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ 
ɩɵɥɟɣ 
ɋɭɝɥɢɧɨɤ 
Ʉɭɛɟɤɨɜɫɤɢɣ 
Ɍɜɟɪɞɨɟ 
ɜɟɳɟɫɬɜɨ 400 2 3 
ɋɢɥɢɤɨɡ. Ɉɩɚɫɟɧ 
ɩɪɨɝɪɟɫɫɢɪɭɸɳɢɣ 
ɮɢɛɪɨɡ 
Ɉɬɯɨɞɵ 
ɚɥɸɦɢɧɢɟɜɨ-
ɝɨ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ 
Ɍɜɟɪɞɨɟ 
ɜɟɳɟɫɬɜɨ 1000 1 2-4 
Ɍɨɤɫɢɱɟɫɤɨɟ ɨɬɪɚɜɥɟ-
ɧɢɟ 
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ɉɪɢ ɪɚɛɨɬɟ ɫ ɩɨɪɨɲɤɚɦɢ ɜɵɞɟɥɹɟɬɫɹ ɩɵɥɶ, ɚ ɡɚɩɵɥɟɧɧɨɫɬɶ ɨɤɚɡɵɜɚɟɬ 
ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. ɉɵɥɶ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɝɥɚɡɧɵɟ ɢ 
ɤɨɠɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɛɨɥɟɡɧɢ ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ ɢ ɥɟɝɤɢɯ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɩɵɥɶɸ ɩɨɪɨɲɤɨɜ ɜ ɥɚɛɨɪɚɬɨ-
ɪɢɢ ɢɦɟɟɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ. Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟ ɯɚɥɚɬɨɜ, ɦɚɫɨɤ ɢ ɪɟɡɢɧɨɜɵɯ ɩɟɪɱɚɬɨɤ. 
 
4.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ 
ȼ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɩɨɦɟɳɟɧɢɹ ɜɯɨɞɹɬ ɬɚɤɢɟ ɩɨɧɹɬɢɹ, ɤɚɤ ɦɢɤɪɨɤɥɢɦɚɬ ɢ 
ɨɫɜɟɳɟɧɧɨɫɬɶ. 
 
4.3.1 Ɇɢɤɪɨɤɥɢɦɚɬ 
Ɇɢɤɪɨɤɥɢɦɚɬ ɩɨɦɟɳɟɧɢɣ – ɷɬɨ ɤɥɢɦɚɬ ɜɧɭɬɪɟɧɧɟɣ ɫɪɟɞɵ ɷɬɢɯ ɩɨɦɟɳɟ-
ɧɢɣ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɫɨɱɟɬɚɧɢɹɦɢ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɠɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɤɪɭɠɚɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 
Ⱦɥɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɱɟɥɨɜɟɤɚ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟ-
ɫɤɢɯ ɭɫɥɨɜɢɣ ɪɟɡɤɨ ɭɯɭɞɲɚɟɬ ɟɝɨ ɫɚɦɨɱɭɜɫɬɜɢɟ, ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɬɪɭɞɚ ɢ ɩɪɢɜɨɞɢɬ ɤ ɡɚɛɨɥɟɜɚɧɢɹɦ. 
ȼɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɵɫɬɪɨɣ ɭɬɨɦɥɹɟɦɨɫɬɢ ɱɟɥɨ-
ɜɟɤɚ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɟɪɟɝɪɟɜɭ ɨɪɝɚɧɢɡɦɚ ɢɥɢ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ. ɇɢɡɤɚɹ ɬɟɦ-
ɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɦɟɫɬɧɨɟ ɢɥɢ ɨɛɳɟɟ ɨɯɥɚɠɞɟɧɢɟ ɨɪɝɚɧɢɡɦɚ, 
ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɩɪɨɫɬɭɞɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ. 
ȼɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɪɦɨɪɟɝɭɥɹɰɢɸ 
ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ. ȼɵɫɨɤɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɟɪɟɝɪɟ-
ɜɚɧɢɸ ɨɪɝɚɧɢɡɦɚ, ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɧɚ ɭɫɢɥɢɜɚɟɬ ɬɟɩɥɨɨɬɞɚɱɭ ɫ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɤɨɠɢ, ɱɬɨ ɜɟɞɟɬ ɤ ɩɟɪɟɨɯɥɚɠɞɟɧɢɸ ɨɪɝɚɧɢɡɦɚ. ɇɢɡɤɚɹ ɜɥɚɠɧɨɫɬɶ ɜɵ-
ɡɵɜɚɟɬ ɩɟɪɟɫɵɯɚɧɢɟ ɫɥɢɡɢɫɬɵɯ ɨɛɨɥɨɱɟɤ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ. 
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ɉɨɞɜɢɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɷɮɮɟɤɬɢɜɧɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɟɩɥɨɨɬɞɚɱɟ ɨɪɝɚɧɢɡɦɚ ɢ 
ɩɨɥɨɠɢɬɟɥɶɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɩɪɢ 
ɧɢɡɤɢɯ. 
Ɋɚɛɨɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ, ɩɪɢ ɷɬɨɦ ɤɚɬɟɝɨɪɢɸ ɪɚɛɨɬ 
ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɥɟɝɤɭɸ. Ɇɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɢ ɢɯ ɫɪɚɜɧɟ-
ɧɢɟ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 
Ɍɚɛɥɢɰɚ 4.4 – Ɇɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
ɍɫɥɨɜɢɹ ȼɟɥɢɱɢɧɚ ɇɨɪɦɚɬɢɜɵ Ɉɰɟɧɤɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, °ɋ 20-21 20-22 ɇɨɪɦɚ 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ, % 40 30-60 ɇɨɪɦɚ 
ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ, ɦ/ɫ 0,1 0,2 ɇɨɪɦɚ 
 
4.3.2. Ɉɫɜɟɳɟɧɢɟ 
Ʌɚɛɨɪɚɬɨɪɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɧɚɬɭ ɩɥɨɳɚɞɶɸ 24 ɦ2. ȿɫɬɟɫɬɜɟɧɧɨɟ 
ɨɫɜɟɳɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɞɜɚ ɛɨɤɨɜɵɯ ɨɤɧɚ. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɨɤɨɧ 6 ɦ2. 
ȼɵɫɨɬɚ ɩɨɦɟɳɟɧɢɹ 3,2 ɦ. 
Ɉɫɜɟɳɟɧɧɨɫɬɶ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɢɦɟɟɬ ɧɟɦɚɥɨɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɬɪɟ-
ɛɭɟɬɫɹ ɬɨɱɧɨɟ ɫɧɹɬɢɟ ɩɨɤɚɡɚɧɢɣ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 
ɇɨɦɢɧɚɥɶɧɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɜ ɪɚɛɨɱɟɦ ɩɨɦɟɳɟɧɢɢ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ 
ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ. Ⱦɚɧɧɭɸ ɪɚɛɨɬɭ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɤ ɪɚɛɨɬɟ ɫɪɟɞɧɟɣ ɬɨɱɧɨ-
ɫɬɢ, ɬɚɤ ɤɚɤ ɧɚɢɦɟɧɶɲɢɣ ɪɚɡɦɟɪ ɨɛɴɟɤɬɚ ɪɚɡɥɢɱɟɧɢɹ 0,5-1 ɦɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭ-
ɟɬ 4 ɪɚɡɪɹɞɭ ɡɪɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɩɨ ɋɇɢɉ 23–05–95. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɝɨɪɨɞ 
Ʉɪɚɫɧɨɹɪɫɤ ɪɚɫɩɨɥɨɠɟɧ ɜ 3 ɩɨɹɫɟ ɫɜɟɬɨɜɨɝɨ ɤɥɢɦɚɬɚ, ɧɨɪɦɵ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɪɢ 
ɢɫɤɭɫɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ɫɨɫɬɚɜɥɹɸɬ 200 ɥɤ, ɤɨɷɮɮɢɰɢɟɧɬ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫ-
ɜɟɳɟɧɢɹ ɟɬɚɛɥ = 1,5, ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɬɨɜɨɝɨ ɤɥɢɦɚɬɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɹɪɫɤɚ   
m = 0,9. 
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Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɱɟɬɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɟɪ ɫɪɚɜɧɢɬɶ ɫ ɧɨɪɦɢɪɨɜɚɧ-
ɧɵɦ, ɨɩɪɟɞɟɥɹɟɦɵɦ ɫ ɭɱɟɬɨɦ ɯɚɪɚɤɬɟɪɚ ɡɪɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ, ɫɢɫɬɟɦɵ ɨɫɜɟɳɟ-
ɧɢɹ, ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɞɚɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ. 
ɇɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɨɩ-
ɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ɟɧ=ɟɬɚɛɥ* m                                                                                                              (4.1) 
ɟɧ = 1,5 * 0,9 = 1,35 
Ɋɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɟɫɬɟɫɬɜɟɧɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɪɢ ɛɨɤɨɜɨɦ ɨɫɜɟ-
ɳɟɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ep = 100*S0 * t0  * r1 / (Sn * η0 * KɁ.Ⱦ.* K3) ,                                                      (4.2) 
 
ɝɞɟ S0 – ɩɥɨɳɚɞɶ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ, ɦ2; 
Sn – ɩɥɨɳɚɞɶ ɩɨɥɚ ɩɨɦɟɳɟɧɢɹ, ɦ2; 
 η0  – ɫɜɟɬɨɜɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɦɟɳɟɧɢɹ (η0=9); 
 t0 – ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɬɨɩɪɨɩɭɫɤɚɧɢɹ (t0=0,5); 
      r1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɨɬɪɚɠɟɧɧɨɝɨ ɫɜɟɬɚ ɩɪɢ ɛɨ-
ɤɨɜɨɦ ɨɫɜɟɳɟɧɢɢ (r1=2); 
       Ʉɡ.ɞ. – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɟɦɧɟɧɢɟ ɨɤɨɧ ɩɪɨɬɢɜɨɩɨɥɨɠ-
ɧɵɦɢ ɡɞɚɧɢɹɦɢ (Ʉɡ.ɞ. = 1,4); 
Ʉ3 – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ (Ʉ3 = 1,3). 
Ep = 100 * 6 * 0,5 * 2 / (24 * 9 * 1,4 * 1,3) = 1,53 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɛɨɥɶ-
ɲɟ ɧɨɪɦɚɬɢɜɧɨɝɨ, ɡɧɚɱɢɬ, ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɨɛɟɫɩɟɱɟɧɚ ɧɟɨɛɯɨɞɢɦɚɹ ɨɫɜɟɳɟɧ-
ɧɨɫɬɶ. 
ȼ ɜɟɱɟɪɧɟɟ ɜɪɟɦɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢ ɜ ɤɚɱɟɫɬɜɟ ɢɫ-
ɬɨɱɧɢɤɚ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ, ɩɪɢɦɟɧɹɸɬɫɹ ɥɚɦɩɵ ɧɚɤɚɥɢɜɚɧɢɹ ɦɨɳɧɨɫɬɶɸ 
100 ȼɬ. 
Ɏɚɤɬɢɱɟɫɤɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ȿ = F * N * n /(S * K),                                                                                                              (4.3) 
ɝɞɟ  ȿ – ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ, ɥɤ;  
F – ɦɨɳɧɨɫɬɶ ɨɞɧɨɣ ɥɚɦɩɵ, ȼɬ;  
S – ɩɥɨɳɚɞɶ ɤɨɦɧɚɬɵ, ɦ2;  
n – ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɬɨɜɨɣ ɨɬɞɚɱɢ (ɩ= 1,8);  
K – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɩɨɦɟɳɟɧɢɹ (Ʉ=1,2);  
N – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɧɚɤɚɥɢɜɚɧɢɹ. 
 
E = 100 * 6 * 1,8 / (24 * 1,2) = 281,25 ɥɤ 
 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ 91ɨɫ-
ɬɚɬɨɱɧɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ. 
Ɉɰɟɧɤɚ ɨɫɜɟɳɟɧɧɨɫɬɢ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 46. 
ɒɭɦ, ɫɨɡɞɚɜɚɟɦɵɣ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɥɚɛɨɪɚɬɨɪɢɢ, ɧɟ ɩɪɟɜɵɲɚɟɬ 60 ɞȻȺ. 
Ⱦɨɩɭɫɬɢɦɵɦ ɹɜɥɹɟɬɫɹ ɲɭɦ ɜɟɥɢɱɢɧɨɣ 80 ɞȻȺ (ȽɈɋɌ 12.1.003–99). 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɩɵɥɶɸ ɩɨɪɨɲɤɨɜ, ɜɵɞɟɥɹɟɦɵɯ 
ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɢɫɬɢɪɚɧɢɸ ɨɤɫɢɞɨɜ, ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɢɦɟɟɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɜɵ-
ɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ. 
Ʉɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɦɟɫɬɧɨɣ ɜɟɧɬɢɥɹɰɢɟɣ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (ɋɧɢɉ 2.04–05–97): 
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 Lɦɭɯ=F*υ, ɦ3                                                                                                          (4.4) 
 
ɝɞɟ F – ɩɥɨɳɚɞɶ ɜɫɚɫɵɜɚɸɳɟɝɨ ɫɟɱɟɧɢɹ, ɦ2;  
       υ – ɫɤɨɪɨɫɬɶ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/ɫ;  
      F = 0,25 * 0,3 = 0,075 ɦ2;  
      υ = 0,1 ɦ/ɫ; 
 
Lɦɭɯ = 7,5 * 10-3 , ɦ3/ɫ 
 
Ɍɚɛɥɢɰɚ 4.5 – Ɉɰɟɧɤɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ 
Ɏɚɤɬɨɪɵ ȼɟɥɢɱɢɧɚ ɇɨɪɦɚɬɢɜɵ Ɉɰɟɧɤɚ 
Ɇɢɤɪɨɤɥɢɦɚɬ 
ɚ) Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, °ɋ 20–21 20–22 ɇɨɪɦɚ 
ɛ) Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ, % 40 30–60 ɇɨɪɦɚ 
ɜ) ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ,ɦ/ɫ 0,1 0,2 ɇɨɪɦɚ 
Ɉɫɜɟɳɟɧɢɟ 
 ɚ) ȿɫɬɟɫɬɜɟɧɧɨɟ 1,53 1,5 ɇɨɪɦɚ 
ɛ) ɂɫɤɭɫɫɬɜɟɧɧɨɟ, ɥɤ 281,25 200 ɇɨɪɦɚ 
ɍɪɨɜɟɧɶ ɲɭɦɚ, ɞȻȺ 60 85 ɇɨɪɦɚ 
Ɂɚɝɪɹɡɧɟɧɧɨɫɬɶ 
 ɚ) ɉɵɥɶ ɩɨɪɨɲɤɨɜ, ɦɝ/ɦ3 0,1 0,1 ɇɨɪɦɚ 
 
4.4 ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɦɟɳɟɧɢɹ ɢ ɦɟɪɵ ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ 
 
Ʌɚɛɨɪɚɬɨɪɢɸ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɥɚɫɶ ɞɚɧɧɚɹ ɞɢɩɥɨɦɧɚɹ ɪɚɛɨɬɚ, ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ ɤ ɤɚɬɟɝɨɪɢɢ «Ƚ», ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢɦɟɸɳɢɟ 
ɧɟɫɝɨɪɚɟɦɵɟ ɜɟɳɟɫɬɜɚ ɢ ɦɚɬɟɪɢɚɥɵ ɜ ɝɨɪɹɱɟɦ, ɪɚɫɤɚɥɟɧɧɨɦ ɢɥɢ ɪɚɫɩɥɚɜɥɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɤɨɬɨɪɵɯ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɥɭɱɢɫɬɨɣ 
ɬɟɩɥɨɬɵ, ɢɫɤɪ ɢ ɩɥɚɦɟɧɢ (ɋɇɢɉ 2.09.02–97). ɉɨ ɫɬɟɩɟɧɢ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, ɫɨ-
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ɝɥɚɫɧɨ ɋɇɢɉ 21.01–97  ɩɨɦɟɳɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, 
ɬɚɤ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɹ ɡɞɚɧɢɹ ɜɵɩɨɥɧɟɧɚ ɢɡ ɧɟɫɝɨɪɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ʌɚɛɨɪɚɬɨɪɢɸ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɩɨɦɟɳɟɧɢɹɦ ɩɨɜɵɲɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ, ɬɚɤ 
ɤɚɤ ɢɦɟɟɬɫɹ ɬɨɤɨɩɪɨɜɨɞɹɳɢɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɩɨɥ, ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɢɧ-
ɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ, ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɧɚɯɨɞɹɳɢɣɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ. 
ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸ-
ɞɟɣ ɢ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɵɯ ɰɟɧɧɨɫɬɟɣ. 
Ɉɫɧɨɜɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɩɪɟ-
ɞɨɬɜɪɚɳɟɧɢɹ ɩɨɠɚɪɚ ɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ, ɜɤɥɸɱɚɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-
ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɫɜɨɞɹɬɫɹ ɤ ɭɦɟɧɢɸ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɫɬɜɚ ɬɭ-
ɲɟɧɢɹ ɩɨɠɚɪɚ. ɉɪɢɦɟɧɹɬɶ ɜɨɞɭ ɞɥɹ ɬɭɲɟɧɢɹ ɭɫɬɚɧɨɜɨɤ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɧɚ-
ɩɪɹɠɟɧɢɟɦ ɤɚɬɟɝɨɪɢɱɟɫɤɢ ɡɚɩɪɟɳɚɟɬɫɹ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɬɨɤɨɦ ɱɟɪɟɡ ɫɬɪɭɸ ɜɨɞɵ. ɉɨ ɷɬɢɦ ɠɟ ɩɪɢɱɢɧɚɦ ɧɟɥɶɡɹ ɩɪɢɦɟɧɹɬɶ ɩɟɧɭ. ɗɮɮɟɤ-
ɬɢɜɧɨɟ ɬɭɲɟɧɢɟ ɩɨɠɚɪɨɜ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɝɚɡɨɜɵɯ 
ɭɝɥɟɤɢɫɥɨɬɧɵɯ ɨɝɧɟɬɭɲɢɬɟɥɟɣ Ɉɍ–2. ɉɪɢ ɛɵɫɬɪɨɦ ɢɫɩɚɪɟɧɢɢ ɭɝɥɟɤɢɫɥɨɬɵ ɨɛ-
ɪɚɡɭɟɬɫɹ ɫɧɟɝɨɨɛɪɚɡɧɚɹ ɦɚɫɫɚ, ɤɨɬɨɪɚɹ, ɩɨɩɚɞɚɹ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ, ɫɧɢɠɚɟɬ ɤɨɧ-
ɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɪɨɞɚ, ɨɯɥɚɠɞɚɟɬ ɝɨɪɹɱɟɟ ɜɟɳɟɫɬɜɨ. Ɉɝɧɟɬɭɲɢɬɟɥɶ Ɉɍ–2 ɩɪɢ-
ɜɨɞɢɬɫɹ ɜ ɞɟɣɫɬɜɢɟ ɜɪɭɱɧɭɸ ɨɬɤɪɵɜɚɧɢɟɦ ɡɚɩɨɪɧɨɝɨ ɜɟɧɬɢɥɹ ɩɭɬɟɦ ɜɪɚɳɟɧɢɹ 
ɟɝɨ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. ɑɟɪɟɡ ɪɚɫɬɪɭɛ ɝɚɡ ɩɨɞɚɟɬɫɹ ɧɚ ɨɱɚɝ ɩɨɠɚɪɚ. 
Ɍɚɤɠɟ, ɨɤɨɥɨ ɥɚɛɨɪɚɬɨɪɢɢ ɪɚɫɩɨɥɨɠɟɧɵ ɹɳɢɤɢ ɫ ɩɟɫɤɨɦ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ 
ɹɜɥɹɟɬɫɹ ɫɪɟɞɫɬɜɨɦ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɭɫɬɚɧɨɜɨɤ. 
 
4.5 ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ 
Ⱦɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɫɥɨɠ-
ɧɨɣ ɦɧɨɝɨɨɛɪɚɡɧɨɣ ɮɨɪɦɟ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-
ɧɵɯ ɬɪɚɜɦɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ. ɉɨɪɚɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ 
ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɜɧɟɲɧɢɟ ɢ ɜɧɭɬɪɟɧɧɢɟ. 
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Ʉ ɜɧɭɬɪɟɧɧɢɦ ɨɬɧɨɫɹɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɭɞɚɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɷɥɟɤɬɪɨɬɨɤ 
ɩɨɪɚɠɚɟɬ ɜɟɫɶ ɨɪɝɚɧɢɡɦ ɢ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ – ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɭɞɨɪɨɠɧɨɦɭ ɫɨɤɪɚɳɟɧɢɸ ɦɵɲɰ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɚɥɶɰɵ, ɟɫɥɢ ɩɨɫɬɪɚɞɚɜɲɢɣ 
ɞɟɪɠɢɬ ɩɪɨɜɨɞ ɜ ɪɭɤɚɯ, ɬɚɤ ɫɢɥɶɧɨ ɫɠɢɦɚɸɬɫɹ, ɱɬɨ ɨɧ ɧɟ ɦɨɠɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ 
ɨɬɩɭɫɬɢɬɶ ɩɪɨɜɨɞ ɢɡ ɪɭɤ. ɗɥɟɤɬɪɨɬɨɤ ɩɨɪɚɠɚɟɬ ɞɚɠɟ ɞɵɯɚɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ. 
ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɦɨɠɟɬ ɩɨɪɚɠɚɬɶ ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɪɟɞɦɟɬɵ, ɤɨɬɨ-
ɪɵɟ ɱɟɥɨɜɟɤ ɞɟɪɠɢɬ ɜ ɪɭɤɚɯ, ɩɪɢ ɩɪɢɤɨɫɧɨɜɟɧɢɢ ɢɯ ɤ ɢɫɬɨɱɧɢɤɭ ɬɨɤɚ ɢɥɢ ɩɪɟɞ-
ɦɟɬɚɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɞɚɧɧɨɝɨ ɩɨɪɚɠɟɧɢɹ ɜɫɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɢɛɨɪɵ ɧɚ-
ɯɨɞɹɬɫɹ ɜ ɢɡɨɥɢɪɭɸɳɟɣ ɨɛɨɥɨɱɤɟ. ɋɨɝɥɚɫɧɨ ɉɍɗ ɜɫɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ 
ɷɥɟɤɬɪɨɩɪɢɛɨɪɨɜ ɡɚɡɟɦɥɟɧɵ, ɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɚɡɟɦɥɟɧɢɹ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ 
ɞɨ 1000 ȼ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 4 Ɉɦ. 
Ⱦɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɵ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟ-
ɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ: 
– ɜɫɟ ɭɫɬɚɧɨɜɤɢ ɨɬɤɥɸɱɚɸɬɫɹ ɨɛɳɢɦ ɪɭɛɢɥɶɧɢɤɨɦ, ɜ ɤɨɬɨɪɨɦ ɢɦɟɸɬɫɹ 
ɩɥɚɜɤɢɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ ɧɚ ɫɥɭɱɚɣ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ; 
– ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɩɪɨɜɨɞɚ ɷɤɪɚɧɢɪɭɸɬɫɹ ɢ ɢɡɨɥɢɪɭɸɬɫɹ (ȽɈɋɌ12.1.030–
01); 
– ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɧɚɧɨɫɹɬɫɹ ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɟ ɧɚɞɩɢɫɢ; 
– ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɫɟɛɹ ɢ ɨɤɪɭɠɚɸɳɢɯ, ɫɥɟɞɭɟɬ ɧɟɦɟɞ-
ɥɟɧɧɨ ɜɵɤɥɸɱɢɬɶ ɭɫɬɚɧɨɜɤɭ ɢ ɩɪɟɞɭɩɪɟɞɢɬɶ ɪɭɤɨɜɨɞɢɬɟɥɹ ɪɚɛɨɬ ɨɛ ɨɩɚɫɧɨɫɬɢ. 
ɉɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɪɚɡɪɟɲɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɩɨɥɧɨɣ ɢɫɩɪɚɜɧɨɫɬɢ ɭɫɬɚɧɨɜ-
ɤɢ. 
 
4.6 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɨɬ ɜɵɹɜɥɟɧɧɵɯ ɨɩɚɫɧɨɫɬɟɣ 
Ɉɩɚɫɧɵɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɝɪɟɬɚɹ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɩɟɱɢ. ɉɨ ɞɟɣɫɬɜɭɸɳɢɦ ɫɚɧɢɬɚɪɧɵɦ ɧɨɪɦɚɦ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɬɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 45 °ɋ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɡɚ-
ɳɢɬɵ ɨɬ ɢɡɥɭɱɟɧɢɹ – ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɲɚɦɨɬɧɨɝɨ ɤɢɪɩɢɱɚ. ȼ ɪɟɡɭɥɶ-
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ɬɚɬɟ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɵɯ ɫɬɟɧɨɤ ɩɟɱɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 40 °ɋ, ɱɬɨ ɩɨɥɧɨɫɬɶɸ 
ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɠɨɝɚ, ɭɦɟɧɶɲɚɟɬ ɬɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ. 
ȿɳё ɨɞɧɢɦ ɜɪɟɞɧɵɦ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɫ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɦɢ ɩɨ-
ɪɨɲɤɚɦɢ. ȼ ɰɟɥɹɯ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɩɨɩɚɞɚɧɢɹ ɩɨɪɨɲɤɨɜ ɜ ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ 
ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɦɟɪɵ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ: ɯɚɥɚɬ, ɦɚɪɥɟɜɭɸ ɩɨɜɹɡɤɭ ɢ ɪɟ-
ɡɢɧɨɜɵɟ ɩɟɪɱɚɬɤɢ. 
 
4.7 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɛɳɟɫɬɜɟɧɧɨɫɬɶ ɨɱɟɧɶ ɛɟɫɩɨɤɨɢɬ ɜɨɩɪɨɫ ɩɪɨɦɵɲɥɟɧ-
ɧɨɣ ɷɤɨɥɨɝɢɢ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɨɰɟɧɤɚ ɫɬɟɩɟɧɢ ɜɪɟɞɚ ɧɚɧɨɫɢɦɨɝɨ ɩɪɢ-
ɪɨɞɟ ɢɧɞɭɫɬɪɢɚɥɢɡɚɰɢɟɣ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɧɨɜɵɟ ɢɥɢ ɭɫɨ-
ɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɢɧɠɟɧɟɪɧɨ – ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɨɤ-
ɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɪɚɡɜɟɜɚɬɶ ɛɟɡɨɬɯɨɞɧɵɟ ɢ ɦɚɥɨɨɬɯɨɞɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɰɢɤɥɵ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ[22]. 
ȼɨ ɜɫɟɦ ɦɢɪɟ (ɜɤɥɸɱɚɹ ɊɎ), ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɭɞɟɥɹɟɬɫɹ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚ-
ɱɟɧɢɟ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɪɟɡɤɢɦ ɜɨɡɪɚɫɬɚɧɢɟɦ ɤɨ-
ɥɢɱɟɫɬɜɨɦ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɬɪɚɧɫɩɨɪɬɚ, ɧɚ-
ɧɨɫɹɳɢɯ ɨɝɪɨɦɧɵɣ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟɩɨɩɪɚɜɢɦɵɣ ɭɳɟɪɛ ɛɢɨɫɮɟɪɟ. 
Ɉɤɪɭɠɚɸɳɚɹ ɧɚɫ ɫɪɟɞɚ – ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɮɚɤɬɨɪɨɜ (ɮɢ–
ɡɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ), ɫɩɨɫɨɛɧɵɯ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢ-
ɹɯ ɨɤɚɡɵɜɚɬɶ ɩɪɹɦɨɟ ɢɥɢ ɤɨɫɜɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɞɟɹɬɟɥɶɧɨɫɬɶ ɢ ɡɞɨɪɨɜɶɟ ɱɟ-
ɥɨɜɟɤɚ. 
ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɪɨɩɪɢɹɬɢɟɦ ɩɨ ɡɚɳɢɬɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜ-
ɥɹɸɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ ɦɚɫɫɵ, ɨɛɴɟɦɚ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ. 
Ɂɧɚɱɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɪɚɡɥɢɱɧɵɯ ɚɫɩɟɤɬɨɜ ɷɬɨɣ 
ɩɪɨɛɥɟɦɵ ɜ ɫɬɚɧɞɚɪɬɚɯ ȿɞɢɧɨɣ ɫɢɫɬɟɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡ–
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ɜɨɞɫɬɜɚ ɬɟɯɧɨɥɨɝɢɢ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɨɛɨɪɭ–
ɞɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɨɧɢɠɟɧɢɟ ɢɥɢ ɫɜɟɞɟɧɢɟ ɤ ɧɭɥɸ ɜɪɟɞɧɵɯ ɨɩɚɫɧɵɯ ɨɬ–
ɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬɪɚɠɟɧɚ ɜ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɟ 
ɝɨɫɭɞɚɪɫɬɜɚ. ɉɨɷɬɨɦɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɩɪɨɫɬɨ ɧɟɨɛɯɨɞɢɦɨ. Ⱥɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɛɨɪɶɛɵ ɫ ɡɚɝɪɹɡɧɟɧɢɟɦ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ ɦɨɝɭɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ: 
– ɦɢɧɢɦɢɡɚɰɢɹ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ; 
– ɡɚɦɟɧɚ ɧɟ ɭɬɢɥɢɡɢɪɨɜɚɧɧɵɯ ɨɬɯɨɞɨɜ ɭɬɢɥɢɡɢɪɭɟɦɵɦɢ ɨɬɯɨɞɚɦɢ; 
– ɡɚɦɟɧɚ ɬɨɤɫɢɱɧɵɯ ɨɬɯɨɞɨɜ ɧɟɬɨɤɫɢɱɧɵɦɢ ɨɬɯɨɞɚɦɢ; 
– ɫɨɡɞɚɧɢɟ ɛɟɡɨɬɯɨɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɛɚɡɟ ɡɚɦɤɧɭɬɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɬɯɨɞɵ  ɤɚɠɞɨɝɨ  ɩɪɟɞɵɞɭɳɟɝɨ  ɩɪɨɰɟɫɫɚ ɹɜɥɹɸɬɫɹ  
ɫɵɪɶɟɦ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɰɟɫɫɚ. 
Ʉɥɚɫɫɢɮɢɤɚɰɢɸ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɭɫɬɚɧɚɜɥɢɜɚɟɬ 
ȽɈɋɌ 17.2.1.01–81. ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɫɬɚɧɞɚɪɬɭ ɜɵɛɪɨɫɵ ɜ ɜɨɡɞɭɲɧɵɣ ɛɚɫɫɟɣɧ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ (ɝɚɡɨ– ɢ ɩɚɪɨɨɛɪɚɡɧɵɟ, ɠɢɞɤɢɟ, ɬɜɟɪ-
ɞɵɟ, ɫɦɟɲɚɧɧɵɟ ɜɵɛɪɨɫɵ) ɢ ɩɨ ɦɚɫɫɨɜɨɦɭ ɜɵɛɪɨɫɭ. ȼ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡ-
ɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ ɢɦɟɸɬ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɩɵɥɢ – ɜɡɜɟɲɟɧɧɵɟ ɜ ɜɨɡɞɭɯɟ ɱɚɫɬɢɰɵ 
ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɩɪɨɰɟɫɫɚɯ ɞɪɨɛɥɟɧɢɹ ɢ ɢɫɬɢɪɚɧɢɹ, ɢɫɩɚɪɟ-
ɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɟɣ ɜ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ, ɝɨɪɟɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜ 
ɜɨɡɞɭɯɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ – ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. 
ȼ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɜɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɩɨɫɬɭɩɚɬɶ ɱɟɪɟɡ ɞɵɯɚɬɟɥɶ-
ɧɵɟ ɩɭɬɢ, ɩɢɳɟɜɚɪɢɬɟɥɶɧɵɣ ɬɪɚɤɬ ɢ ɤɨɠɧɵɣ ɩɨɤɪɨɜ. ɇɚɢɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ 
ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ ɬ. ɤ. ɛɨɥɶɲɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɩɨɫɬɭɩɚɸɬ ɱɟɪɟɡ ɨɪɝɚɧɵ ɞɵɯɚɧɢɹ. ɋɨɞɟɪɠɚɳɢɟɫɹ ɜ 
ɜɨɡɞɭɯɟ ɜɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ ɩɨɪɚɠɚɸɬ ɧɟ ɬɨɥɶɤɨ ɨɪɝɚɧɵ ɞɵɯɚɧɢɹ, ɧɨ ɢ ɨɪɝɚɧɵ 
ɡɪɟɧɢɹ ɢ ɨɛɨɧɹɧɢɹ. 
ɋɭɳɟɫɬɜɭɸɬ ɩɚɪɚɦɟɬɪɵ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɡɚɝɪɹɡɧɟɧɢɟ ɛɢɨɫɮɟɪɵ ɨɬɯɨɞɚ-
ɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɷɬɨ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɦɚɫɫɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ) 
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ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɜɨɡɞɭɯɟ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɢɥɢ ɜɨɞɟ ɜɨɞɨ-
ɟɦɨɜ. ɉɨɞ ɉȾɄ ɩɨɧɢɦɚɟɬɫɹ ɬɚɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨ-
ɪɚɹ ɩɪɢ ɟɠɟɞɧɟɜɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ ɧɟ ɜɵɡɵɜɚɟɬ ɤɚɤɢɯ-ɥɢɛɨ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɢɥɢ ɡɚɛɨɥɟɜɚɧɢɣ, 
ɨɛɧɚɪɭɠɢɜɚɟɦɵɯ ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɢ ɭɫɬɚɧɨɜɥɟɧɢɢ 
ɉȾɄ ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɧɚ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɜɪɟɞɧɨɫɬɢ ɢɥɢ ɪɟɮɥɟɤ-
ɬɨɪɧɭɸ ɪɟɚɤɰɢɸ ɨɪɝɚɧɢɡɦɚ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɨɯɪɚɧɵ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ ɨɬ 
ɡɚɝɪɹɡɧɟɧɢɣ, ɹɜɥɹɟɬɫɹ ɨɱɢɫɬɤɚ ɡɚɝɪɹɡɧɟɧɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɨɛɪɚ–
ɡɭɟɦɵɯ ɩɪɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ, ɨɬ 
ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ ɜɪɟɞɧɵɯ ɬɜɟɪɞɵɯ, ɠɢɞɤɢɯ ɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɢɦɟɫɟɣ. ɉɪɢ-
ɦɟɧɹɟɬɫɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɤɚ ɧɟɜɨɡ-
ɦɨɠɧɨ ɢɥɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. 
ɉɪɢ ɜɧɟɞɪɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɧɨɣ ɧɚɭɱɧɨ–ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɨ, ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɩɵɥɶɸ ɩɨɪɨɲɤɨɜ. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɤɨɥɢɱɟɫɬɜɨ ɩɵɥɢ ɧɟɫɨɢɡɦɟɪɢɦɨ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɢɹɯ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɟɥɤɨɞɢɫɩɟɪɫɢɨɧɧɚɹ 
ɩɵɥɶ, ɨɧɚ ɧɟ ɨɫɟɞɚɟɬ ɜ ɜɨɡɞɭɯɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɧɚɯɨɞɢɬɫɹ ɜɨ 
ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɥɟɝɤɨ ɩɪɨɧɢɤɚɟɬ ɜ ɥɟɝɤɢɟ ɱɟɥɨɜɟɤɚ, ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ 
ɜɵɡɵɜɚɬɶ ɝɥɚɡɧɵɟ ɢ ɤɨɠɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɛɨɥɟɡɧɢ ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ 
ɢ ɥɟɝɤɢɯ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɩɵɥɟ-
ɭɥɚɜɥɢɜɚɬɟɥɢ ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɡɞɭɯɚ ɨɬ ɩɵɥɢ. ɗɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɨɥɠɧɨ ɨɛɟɫɩɟ-
ɱɢɜɚɬɶ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɜɨɡɞɭɯɚ, ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɧɟ ɡɚɧɢɦɚɬɶ 
ɛɨɥɶɲɢɯ ɩɥɨɳɚɞɟɣ, ɛɵɬɶ ɩɪɨɫɬɵɦ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ, ɷɤɨɧɨɦɢɱɧɵɦ, ɧɟ ɫɨɡɞɚɜɚɬɶ 
ɩɨɜɵɲɟɧɧɨɝɨ ɲɭɦɚ, ɨɛɟɫɩɟɱɢɜɚɬɶ ɯɨɪɨɲɢɟ ɫɚɧɢɬɚɪɧɵɟ ɭɫɥɨɜɢɹ. ɇɚɢɛɨɥɟɟ ɩɪɢ-
ɟɦɥɟɦɵɦ ɚɩɩɚɪɚɬɨɦ ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɡɞɭɯɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɹɜɥɹɟɬɫɹ «ɰɢɤɥɨɧ», 
ɨɧ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ (η = 90 – 95 %), ɢɦɟɟɬ ɧɟɛɨɥɶɲɢɟ ɝɚɛɚ-
ɪɢɬɵ, ɩɪɨɫɬ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɷɤɨɧɨɦɢɱɟɧ.  
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5 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
Ⱦɚɧɧɚɹ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɟɧɢɹ ɫɬɟɧɨɜɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɤɢɪɩɢɱɚ) ɫ ɡɚɦɟɧɨɣ 
ɱɚɫɬɢ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ ɧɚ ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬ-
ɜɚ.  
ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧ 
ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɟɟ ɜɵɩɨɥɧɟɧɢɟ. ɉɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ 
ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɈɈɈ "ɋɢɛɢɪɫɤɢɣ 
ɷɥɟɦɟɧɬ"ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ 
ɞɨɛɚɜɥɟɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
 
5.1 ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ 
 
ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɞɚɟɬ ɨɛ-
ɳɢɣ ɫɜɨɞ ɜɫɟɯ ɪɚɫɯɨɞɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ɋɦɟɬɚ ɡɚɬɪɚɬ 
ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: 
– ɦɚɬɟɪɢɚɥɶɧɵɟ ɪɚɫɯɨɞɵ; 
– ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ; 
– ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ; 
– ɫɭɦɦɵ ɧɚɱɢɫɥɟɧɧɨɣ ɚɦɨɪɬɢɡɚɰɢɢ; 
– ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ. 
 
5.1.1 Ɇɚɬɟɪɢɚɥɶɧɵɟ ɪɚɫɯɨɞɵ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 5.1.  
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Ɍɚɛɥɢɰɚ 5.1 – Ɇɚɬɟɪɢɚɥɶɧɵɟ ɪɚɫɯɨɞɵ 
Ɇɚɬɟɪɢɚɥ Ʉɨɥɢɱɟɫɬɜɨ ɐɟɧɚ, ɪɭɛ/ɤɝ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 
 Ɉɬɯɨɞ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ, ɤɝ 0,6 0,5 0,3 
Ƚɥɢɧɚ ɤɨɧɬɚɬɫɤɚɹ, ɤɝ 0,9 2 1,8 
Ƚɥɢɧɚ ɤɭɛɟɤɨɜɫɤɚɹ, ɤɝ 4,5 1,5 6,75 
ɋɩɢɪɬ, ɥ 0,1 110 11 
ȼɚɬɚ, ɭɩɚɤɨɜɤɚ 0,5 18 9 
ɉɢɩɟɬɤɚ ɦɟɞɢɰɢɧɫɤɚɹ, ɲɬ 1 3 3 
ɉɟɪɱɚɬɤɢ ɦɟɞɢɰɢɧɫɤɢɟ, ɩɚɪ 6 6 36 
Ɇɚɫɤɚ, ɲɬ 6 3 18 
ɂɬɨɝɨ   85,85 
 
 
 
Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɋɷ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.1). 
 
ɋɷ=Ɇ·Ɍɮ· Ʉɦ·Ʉɬ·ɐɷ,                (5.1) 
 
ɝɞɟ Ɇ – ɫɭɦɦɚɪɧɨ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤȼɬ/ɱɚɫ; 
Ɍɮ – ɮɚɤɬɢɱɟɫɤɢ ɨɬɪɚɛɨɬɚɧɧɨɟ ɫɬɭɞɟɧɬɨɦ ɜɪɟɦɹ ɧɚ ɷɬɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɱɚɫ;  
Ʉɦ, Ʉɬ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ  ɩɨ ɦɨɳɧɨɫɬɢ ɢ ɜɪɟ-
ɦɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɨɥɢ ɟɞ. (Ʉɦ = 0,8; Ʉɬ = 0,8); 
ɐɷ – ɰɟɧɚ ɡɚ 1ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ·ɱ. Ⱦɚɧɧɵɟ ɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬɚɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.2.  
 
Ɍɚɛɥɢɰɚ 5.2 – ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Ɇɨɳɧɨɫɬɶ ɤȼɬ Ɍɮ, ɱ ɐɟɧɚ 1 ɤȼɬ, ɪɭɛ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ 
 Ⱦɪɨɛɢɥɤɚ ɳɟɤɨɜɚɹ 
ɓȾ 6 1,1 10 3 21,12 
Ʉɨɥɶɰɟɜɚɹ ɦɟɥɶ-
ɧɢɰɚ ROCKLABS 1,1 3 3 6,336 
ȼɟɫɵ RV214 ɜɟɫɵ 
OHAUS 
0,015 50 3 1,44 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.2 
ɉɪɟɫɫ ɦɟɯɚɧɢɱɟ-
ɫɤɢɣ  1,2 25 3 57,6 
ɉɟɱɶ ɦɭɮɟɥɶɧɚɹ 
SNOL 30/1300 
4,6 300 3 2649,6 
ȼɟɫɵ ɥɚɛɨɪɚɬɨɪ-
ɧɵɟ VIBRA AJH–
220 CE 
0,015 45 3 1,296 
ȼɢɛɪɨɩɪɢɜɨɞ ȼɉɌ 
220 
0,5 4 3 3,84 
ɂɬɨɝɨ    2741,232 
 
ȼɫɟɝɨ ɆɊ=85,85+2741,232=2827,082 ɪɭɛ.  
 
 
5.1.2 Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɫɦɟɬɵ ɡɚɬɪɚɬ ɭɱɢɬɵɜɚɟɬɫɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɧɚɭɱɧɨɝɨ 
ɪɭɤɨɜɨɞɢɬɟɥɹ, ɤɨɧɫɭɥɶɬɚɧɬɨɜ ɩɨ ɷɤɨɧɨɦɢɤɟ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɧɨɝɨ 
ɞɢɩɥɨɦɧɢɤɚ ɢ ɫɬɢɩɟɧɞɢɸ ɞɢɩɥɨɦɧɢɤɚ 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
)/12( TɚЗɉ                  (5.2) 
 
ɝɞɟ ɚ – ɦɟɫɹɱɧɵɣ ɨɤɥɚɞ, ɪɭɛ.; 
Ɍ – ɩɥɚɧɨɜɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ (1540 ɱ); 
τ – ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɨɜ, ɡɚɬɪɚɱɟɧɧɵɯ ɧɚ ɪɚɛɨɬɭ ɫ ɞɢɩɥɨɦɧɢɤɨɦ. 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɧɚɭɱɧɨɝɨ ɪɭɤɨɜɨɞɢɬɟɥɹ: 
 
Ɂɉɧɪ = (27000 12/1540) 18 = 3787,01 ɪɭɛ. 
 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɤɨɧɫɭɥɶɬɚɧɬɚ ɩɨ ɷɤɨɧɨɦɢɤɟ: 
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Ɂɉɤɷ = (22000 12/1540) 2 = 342,86 ɪɭɛ. 
 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɤɨɧɫɭɥɶɬɚɧɬɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ: 
 
Ɂɉɤɨɬ = (22000 12/1540) 2 = 342,86 ɪɭɛ. 
 
Ⱦɚɧɧɵɟ ɨ ɪɚɫɯɨɞɚɯ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.3.  
 
Ɍɚɛɥɢɰɚ 5.3 – Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 
ɋɨɬɪɭɞɧɢɤ 
Ɇɟɫɹɱɧɵɣ 
ɨɤɥɚɞ, 
ɬɵɫ.ɪɭɛ. 
Ʉɨɥɢɱɟɫɬɜɨ ɱɚɫɨɜ, ɡɚ-
ɬɪɚɱɟɧɧɵɯ ɧɚ ɪɚɛɨɬɭ ɫ 
ɞɢɩɥɨɦɧɢɤɨɦ 
ɋɭɦɦɚ, ɪɭɛ. 
ɂɫɩɨɥɧɢɬɟɥɶ 2,5 – 2,5 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ 27 18 3787,01 
Ʉɨɧɫɭɥɶɬɚɧɬ ɩɨ ɷɤɨɧɨɦɢɤɟ 22 2 342,86 
Ʉɨɧɫɭɥɶɬɚɧɬ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 22 2 342,86 
ɂɬɨɝɨ   4475,23 
 
5.1.3 Ɉɬɱɢɫɥɟɧɢɟ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 
 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɨɟ ɫɬɪɚɯɨɜɚɧɢɟ 30% ɨɬ ɫɭɦɦɵ ɨɩɥɚɬɵ ɬɪɭɞɚ: 
 
Ʉɫ=4475,23·0,3 =1342,57 ɪɭɛ. 
 
 
 
 
5.1.4 ɋɭɦɦɵ ɧɚɱɢɫɥɟɧɧɨɣ ɚɦɨɪɬɢɡɚɰɢɢ 
 
Ɋɚɫɯɨɞɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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8760
aHcA                   (5.3) 
ɝɞɟ ɋ – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛ.;  
ɇɚ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ, %; 
τ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ; 
8760 – ɤɚɥɟɧɞɚɪɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ.  
Ⱦɚɧɧɵɟ ɨ ɫɭɦɦɚɯ ɧɚɱɢɫɥɟɧɧɨɣ ɚɦɨɪɬɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.4.  
 
Ɍɚɛɥɢɰɚ 5.4 – ɋɭɦɦɵ ɧɚɱɢɫɥɟɧɧɨɣ ɚɦɨɪɬɢɡɚɰɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ʉɨɥɢɱɟɫɬɜɨ, 
ɲɬ ɇɚ, % τ, ɱ ɋ, ɬɵɫ. ɪɭɛ 
Ɉɛɳɚɹ ɫɭɦɦɚ, 
ɪɭɛ 
 Ⱦɪɨɛɢɥɤɚ ɳɟ-
ɤɨɜɚɹ ɓȾ 6 1 8 10 100 913,24 
Ʉɨɥɶɰɟɜɚɹ 
ɦɟɥɶɧɢɰɚ 
ROCKLABS 
1 8 3 500 1369,9 
ȼɟɫɵ RV214 
ɜɟɫɵ OHAUS 1 7 50 54,6 2181,5 
ɉɪɟɫɫ ɦɟɯɚɧɢ-
ɱɟɫɤɢɣ  1 10 25 10 285,4 
ɉɟɱɶ ɦɭɮɟɥɶ-
ɧɚɹ SNOL 
30/1300 
1 10 300 83,2 28493,2 
ȼɟɫɵ ɥɚɛɨɪɚ-
ɬɨɪɧɵɟ VIBRA 
AJH–220 CE 
1 7 45 62,3 2240,2 
ȼɢɛɪɨɩɪɢɜɨɞ 
ȼɉɌ 220 1 10 4 27,5 125,6 
ɂɬɨɝɨ     35609,04 
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5.1.5 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 
 
ɉɨɥɧɚɹ ɫɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ 
ɪɚɛɨɬɵ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.5. 
 
Ɍɚɛɥɢɰɚ 5.5 – ɋɦɟɬɚ ɡɚɬɪɚɬ 
ɋɬɚɬɶɢ ɪɚɫɯɨɞɨɜ ɋɭɦɦɚ ɡɚɬɪɚɬ, ɪɭɛ. 
 Ɇɚɬɟɪɢɚɥɶɧɵɟ ɪɚɫɯɨɞɵ 2827,082 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 4475,23 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 1342,57 
ɋɭɦɦɵ ɧɚɱɢɫɥɟɧɧɨɣ ɚɦɨɪɬɢɡɚɰɢɢ 35609,04 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 11063,48 
ɂɬɨɝɨ 55317,402 
 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 25% ɨɬ ɭɱɬɟɧɧɨɣ ɫɭɦɦɵ ɡɚɬɪɚɬ 
ɧɚ ɞɚɧɧɭɸ ɪɚɛɨɬɭ. 
ɉɊ=44253,922·0,25=11063,48 ɪɭɛ. 
 
5.2 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯ-
ɧɨɝɟɧɧɵɯ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɋɭɳɟɫɬɜɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɜɧɭɬɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɨɬɞɟɥɤɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɛɚɡɢ-
ɪɭɟɬɫɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɪɢɜɨɡɧɨɝɨ ɫɵɪɶɹ 
(ɫɜɟɬɥɨɠɝɭɳɢɟɫɹ ɝɥɢɧɵ, ɩɟɪɥɢɬ, ɧɟɮɟɥɢɧɨɜɵɣ ɫɢɟɧɢɬ ɢ ɞɪ.). ɇɨ ɡɚɩɚɫɵ ɪɚɡɪɚ-
ɛɚɬɵɜɚɟɦɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɵɪɶɹ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɨɝɪɚɧɢɱɟɧɵ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ  ɜɨɡɪɚɫɬɚɸɳɭɸ ɞɟɮɢɰɢɬɧɨɫɬɶ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 
ɫɵɪɶɹ. ȿɠɟɝɨɞɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɨɜ ɪɚɡɥɢɱɧɵɯ 
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ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɨɬɯɨɞɨɜ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɤɟɪɚɦɢɱɟɫɤɭɸ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɤɚɤ ɨɬ-
ɪɚɫɥɶ, ɞɥɹ ɤɨɬɨɪɨɣ ɜɨɩɪɨɫɵ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɫɨɛɨ ɚɤɬɭɚɥɶɧɵɦɢ. 
ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɤɢɪɩɢɱɟɣ ɢɡ ɨɬ-
ɯɨɞɨɜ ɢ ɢɯ ɩɪɢɜɥɟɱɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɛɭɞɟɬ ɪɟɲɚɬɶɫɹ ɡɚɞɚɱɢ 
ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɡɚɦɟɧɵ ɱɚɫɬɢ ɝɥɢɧɢ-
ɫɬɨɝɨ ɫɵɪɶɹ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɟ ɧɚ ɨɬɯɨɞɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ɋɚɫɫɱɢɬɚɟɦ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɡɚɦɟɧɵ ɱɚɫɬɢ ɫɭɝɥɢɧɤɚ Ʉɭɛɟɤɨɜ-
ɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ  ɧɚ ɫɦɟɲɚɧɧɵɟ ɨɬɯɨɞɵ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɨ ɮɨɪɦɭɥɟ 
 
ɗɷ=ɋ2–ɋ1,                  (5.4) 
 
ɝɞɟ ɋ2 – ɫɬɨɢɦɨɫɬɶ ɫɭɝɥɢɧɤɚ Ʉɭɛɟɤɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɪɭɛ; 
ɋ1 – ɫɬɨɢɦɨɫɬɶ ɨɬɯɨɞɚ, ɪɭɛ; 
 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɡɚɦɟɧɵ ɫɭɝɥɢɧɤɚ Ʉɭɛɟɤɨɜɫɤɨɝɨ ɦɟ-
ɫɬɨɪɨɠɞɟɧɢɹ (ɜɚɪɢɚɧɬ 1) ɧɚ ɨɬɯɨɞ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ (ɜɚɪɢɚɧɬ 2) ɧɚ ɩɪɢɦɟɪɟ ɩɨ-
ɥɭɱɟɧɢɹ ɪɹɞɨɜɨɝɨ ɤɢɪɩɢɱɚ ɤɪɚɫɧɨɹɪɫɤɨɝɨ ɤɢɪɩɢɱɧɨɝɨ ɡɚɜɨɞɚ ɈɈɈ «ɋɢɛɢɪɫɤɢɣ 
ɷɥɟɦɟɧɬ». ɉɪɨɟɤɬɧɚɹ ɦɨɳɧɨɫɬɶ ɷɬɨɝɨ ɡɚɜɨɞɚ 48 ɦɥɧ. ɲɬ. ɜ ɝɨɞ. Ɋɚɫɯɨɞ ɨɫɧɨɜɧɨ-
ɝɨ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ ɛɵɥ ɩɪɢɧɹɬ ɭɫɥɨɜɧɨ ɧɚ 1000 ɲɬ. 2,5 ɬ. ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧ-
ɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɭɫɬɚɧɨɜɢɥɢ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ 
ɩɨɥɹ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɟ ɪɚɜɧɨɟ 20 ɦɚɫɫ.%.. ɉɪɢ ɪɚɫɱɟɬɟ ɡɚɬɪɚɬ, ɰɟɧɵ ɧɚ ɫɵ-
ɪɶɟ ɢ ɞɨɛɚɜɤɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɪɚɫɯɨɞɵ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɢ ɡɚɝɪɭɡɤɭ. ɉɨɤɚ-
ɡɚɬɟɥɢ ɩɨ ɫɪɚɜɧɢɜɚɟɦɵɦ ɜɚɪɢɚɧɬɚɦ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.6. 
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Ɍɚɛɥɢɰɚ 5.6 – ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɜɚɪɢɚɧɬɚɦ 
ɗɥɟɦɟɧɬɵ 
ɡɚɬɪɚɬ 
1 ɜɚɪɢɚɧɬ 2 ɜɚɪɢɚɧɬ 
Ƚɨɞɨɜɨɣ ɪɚɫ-
ɯɨɞ, ɬɵɫ. ɬ 
ɐɟɧɚ, 
ɪɭɛ/ɤɝ 
ɋɭɦɦɚ, 
ɦɥɧ. ɪɭɛ 
Ƚɨɞɨɜɨɣ ɪɚɫ-
ɯɨɞ, ɬɵɫ. ɬ. 
ɐɟɧɚ, 
ɪɭɛ/ɤɝ 
ɋɭɦɦɚ, 
ɦɥɧ. ɪɭɛ 
ɋɵɪɶɟ       
Ƚɥɢɧɢɫɬɨɟ 
ɫɵɪɶɟ 
Ɉɬɯɨɞ ɲɥɚ-
ɦɨɜɨɝɨ ɩɨɥɹ 
120 
 
– 
3 
 
– 
360 
 
– 
96 
 
24 
3 
 
1 
288 
 
24 
ɂɬɨɝɨ 120  360 120  288 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 5.6 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɡɚɦɟɧɚ ɭɝɥɹ ɨɬ-
ɯɨɞɨɦ ɚɥɸɦɢɧɢɟɜɨɝɨ ɡɚɜɨɞɚ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɫɵɪɶɟ. 
ɗɤɨɧɨɦɢɹ ɧɚ ɫɵɪɶɟ: ∆ɋɫ=360–288=72 ɦɥɧ. ɪɭɛ./ɝɨɞ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ ɢɦɟɧɧɨ: ɜɜɟɞɟɧɢɟ 20 ɦɚɫɫ.% ɩɨ-
ɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɩɪɢ ɫɠɚɬɢɢ ɨɬ 20 ɞɨ 22 Ɇɉɚ. ɋɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɷɬɨ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɚɬɶ ɤɢɪɩɢɱ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɦɚɪɤɢ – Ɇ200. ɉɪɨɢɡɜɟɞɟɦ 
ɪɚɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɩɪɢɛɵɥɢ ɫ ɭɱɟɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɡɚɜɨɞɚ 
ɨɬ ɩɨɜɵɲɟɧɢɹ ɦɚɪɤɢ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɨɤɚɡɚɬɟɥɢ ɩɨ ɫɪɚɜɧɢɜɚɟɦɵɦ 
ɜɚɪɢɚɧɬɚɦ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.7. 
 
Ɍɚɛɥɢɰɚ 5.7 – ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɜɚɪɢɚɧɬɚɦ 
ɉɪɨɞɭɤɰɢɹ 
Ɇɚɪɤɚ Ɇ 150 Ɇɚɪɤɚ Ɇ 200 
Ʉɨɥ-ɜɨ, ɦɥɧ. 
ɲɬ 
ɐɟɧɚ, 
ɪɭɛ/ɲɬ 
ɋɭɦɦɚ, 
ɦɥɧ. ɪɭɛ 
Ʉɨɥ-ɜɨ, ɦɥɧ. 
ɲɬ. 
ɐɟɧɚ, 
ɪɭɛ/ɲɬ 
ɋɭɦɦɚ, 
ɦɥɧ. ɪɭɛ 
Ʉɢɪɩɢɱ 48 
 
11,45 
 
549,6 
 
48 
 
12,05 
 
578,4 
 
 
ɉɪɢɛɵɥɶ ɨɬ ɡɚɦɟɧɵ ɦɚɪɨɱɧɨɫɬɢ : ∆ɋɫ=578,4–549,6=28 ɦɥɧ. ɪɭɛ./ɝɨɞ. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɜɚɪɢɚɧɬɨɜ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɈɈɈ "ɋɢɛɢɪɫɤɢɣ ɷɥɟɦɟɧɬ" ɩɨ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ 
ɩɨɥɹ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɢɬ ɫɷɤɨɧɨ-
ɦɢɬɶ 72 ɦɥɧ. ɪɭɛ. ɧɚ ɨɫɧɨɜɧɨɦ ɫɵɪɶɟ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɪɢ-
ɛɵɥɶ ɜ ɪɚɡɦɟɪɟ 28 ɦɥɧ. ɪɭɛ. ɨɬ ɩɨɜɵɲɟɧɢɹ ɦɚɪɤɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ.  
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ɁȺɄɅɘɑȿɇɂȿ 
1. ɉɪɨɜɟɞɟɧɧɵɣ ɩɚɬɟɧɬɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɢɫɤ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ 
ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɜ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ.  ɂɡ ɪɚɫɱɟɬɚ ɞɢ-
ɧɚɦɢɤɢ ɩɚɬɟɧɬɨɜɚɧɢɹ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɫɠɚɬɢɢ ɢ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ) ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɭɥɭɱɲɚɸɬɫɹ ɫ ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
2. ɉɪɨɜɟɞɟɧɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ 
ɮɬɨɪɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɤɪɢɨɥɢɬ, ɯɟɚɥɢɬ) ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɬɯɨɞɚɯ, ɩɪɢ 
ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɬɨɪɢɫɬɵɯ ɫɨɥɟɣ, ɞɨ 17 ɦɚɫɫ.%, ɫɨɞɟɪɠɢɬɫɹ ɜ 
ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɚɯ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ. ɉɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɨɬɪɚɛɨ-
ɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɟ ɢ ɫɦɟɲɚɧɧɵɯ ɨɬɯɨɞɚɯ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɫɨɫɬɚɜɥɹɟɬ 
67 ɢ  51 ɦɚɫɫ.% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɚɛɥɸɞɚɟɬɫɹ  ɨɛɳɚɹ ɬɟɧɞɟɧɰɢɹ ɭɦɟɧɶɲɟɧɢɹ ɥɢɧɟɣɧɨɣ ɜɨɡɞɭɲ-
ɧɨɣ ɭɫɚɞɤɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ, ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɭɫɚɞɨɱɧɵɯ ɹɜɥɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ. ɇɚɢɛɨɥɶɲɢɣ ɨɬɨɳɚɸɳɢɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ 
ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ. Ʌɢɧɟɣɧɚɹ ɜɨɡɞɭɲɧɚɹ ɭɫɚɞɤɚ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɦɚɫɫ ɫɨɞɟɪɠɚɳɢɯ  25 ɦɚɫɫ.%  ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɬɯɨɞɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 2,5%. 
4. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɲɚɧ-
ɧɵɯ ɨɬɯɨɞɨɜ ɲɥɚɦɨɜɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɜɨɞɨ-
ɩɨɝɥɨɳɟɧɢɹ  (8,5%) ɢ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
(1,89 ɝ/ɫɦ3)  ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬɯɨɞɚ 25 ɦɚɫɫ.%. ɉɨɥɭɱɟɧɧɵɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬ-
ɫɹ ɡɚ ɫɱɟɬ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɯɨɞɚ ɧɚ ɩɪɨɰɟɫɫɵ ɫɩɟɤɚɧɢɹ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɟɡɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ, ɜ ɱɚɫɬɧɨɫɬɢ ɚɧɨɪɬɢɬɚ ɞɨ 71 
ɦɚɫɫ.%. 
5. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ 30 Ɇɉɚ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ 25 ɦɚɫɫ.% ɨɬɪɚɛɨɬɚɧɧɨɣ ɲɚɦɨɬɧɨɣ ɮɭɬɟɪɨɜɤɢ. 
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ɬɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɧɚ ɫɩɟɤɚɧɢɟ ɢ ɫɜɨɣɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ / ȼ. ɂ. 
ȼɟɪɟɳɚɝɢɧ, ȼ. Ʉ. Ɇɟɧɶɲɢɤɨɜɚ, Ⱥ. ȿ. Ȼɭɪɱɟɧɤɨ // ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ. – 
2015. № 8. – ɋ. 64-67.  
6. ȼɟɪɟɳɚɝɢɧ, ȼ.ɂ. Ɋɚɫɲɢɪɟɧɢɟ ɫɵɪɶɟɜɨɣ ɛɚɡɵ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟ-
ɪɚɦɢɤɢ / ȼ.ɂ. ȼɟɪɟɳɚɝɢɧ, ȼ.ɂ. Ʉɚɳɭɤ, Ɋ.Ⱥ. ɇɚɡɢɪɨɜ ɢ ɞɪ. // ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ. Ɇ.: ɈɈɈ ɊɂɎ «ɋɬɪɨɣɦɚɬɟɪɢɚɥɵ». - 2004. –№2 (590). – ɋ. 39–42. 
7. ȼɨɥɨɱɤɨ, Ⱥ. Ɍ. ȼɥɢɹɧɢɟ ɚɤɬɢɜɧɵɯ ɫɩɟɤɚɸɳɢɯ ɞɨɛɚɜɨɤ ɧɚ ɮɨɪɦɢɪɨ-
ɜɚɧɢɟ ɫɜɨɣɫɬɜ ɮɨɫɮɨɪɨɫɨɞɟɪɠɚɳɟɣ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɤɟɪɚɦɢɤɢ / Ⱥ. Ɍ. ȼɨɥɨɱɤɨ 
// Ɉɝɧɟɭɩɨɪɵ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɟɪɚɦɢɤɚ. – 2015. № 7. – ɋ. 50-56. 
8. ȽɈɋɌ 530–2012 Ʉɢɪɩɢɱ ɢ ɤɚɦɟɧɶ ɤɟɪɚɦɢɱɟɫɤɢɟ. Ɉɛɳɢɟ ɬɟɯɧɢɱɟ-
ɫɤɢɟ ɭɫɥɨɜɢɹ. – ȼɜɟɞ. 01.07.2013. – ɌɄ 465 "ɋɬɪɨɢɬɟɥɶɫɬɜɨ", 2013 – 45 ɫ. 
9. 16. ȽɈɋɌ 7025–91 Ʉɢɪɩɢɱ ɢ ɤɚɦɧɢ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɫɢɥɢɤɚɬɧɵɟ. 
Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ, ɩɥɨɬɧɨɫɬɢ ɢ ɤɨɧɬɪɨɥɹ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ. 
– ȼɜɟɞ. 01.07.1991. – ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɫɬɪɨɢɬɟɥɶɧɨɣ ɮɢɡɢɤɢ 
Ƚɨɫɫɬɪɨɹ ɋɋɋɊ, 1991 – 16 ɫ. 
109 
 
10. Ƚɭɡɦɚɧ, ɂ. ə. ɏɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɤɟɪɚɦɢɤɢ: ɭɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ 
ɜɭɡɨɜ / ɂ. ə. Ƚɭɡɦɚɧ. – Ɇ.: ɋɬɪɨɣɦɚɬɟɪɢɚɥɵ, 2003. – 496 ɫ. 
11. ɀɚɪɦɟɧɨɜ, Ⱥ. Ⱥ. Ɉɬɯɨɞɵ: ɩɭɬɢ ɦɢɧɢɦɢɡɚɰɢɢ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ: 
ɫɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ / Ⱥ. Ⱥ. ɀɚɪɦɟɧɨɜ. – Ⱥɥɦɚɬɵ, 2002. – 132 ɫ. 
12. ȿɪɨɦɚɫɨɜ, Ɋ.Ƚ. ɍɬɢɥɢɡɚɰɢɹ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ / Ɋ.Ƚ. ȿɪɨɦɚɫɨɜ, ɗ.Ɇ. ɇɢɤɢɮɨɪɨɜɚ, ɘ.ȿ. ɋɩɟɤ-
ɬɨɪ // ɀɭɪɧɚɥ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2012. – ɋ. 442–452. 
13. Ʉɚɪɚ-ɋɚɥ, Ȼ.Ʉ. ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɤɢɪɩɢɱɚ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟɦ ɫɨ-
ɫɬɚɜɨɜ ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ. / Ȼ.Ʉ. Ʉɚɪɚ-ɋɚɥ, ɇ.Ɇ. Ȼɢɱɟ–Ɉɨɥ // ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ. –Ɇ.: ɈɈɈ ɊɂɎ «ɋɬɪɨɣɦɚɬɟɪɢɚɥɵ». 2006. – №2. – ɋ. 54–55. 
14. Ʉɚɳɟɟɜ, ɂ. Ⱦ. ɏɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɝɧɟɭɩɨɪɨɜ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ 
/ ɂ. Ⱦ. Ʉɚɳɟɟɜ. – Ɇ.: ɂɧɬɟɪɦɟɬ ɂɧɠɢɧɢɪɢɧɝ, 2007. – 752 ɫ. 
15. Ʉɨɧɞɪɚɬɟɧɤɨ, ȼ.Ⱥ. Ʉɟɪɚɦɢɱɟɫɤɢɟ ɫɬɟɧɨɜɵɟ ɦɚɬɟɪɢɚɥɵ: ɨɩɬɢɦɢɡɚ-
ɰɢɹ ɢɯ ɮɢɡɢɤɨ–ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɫɬ-
ɜɚ / ȼ.Ⱥ. Ʉɨɧɞɪɚɬɟɧɤɨ. – Ɇ.: Ʉɨɦɩɨɡɢɬ. – 2005. – 512 ɫ. 
16. Ʌɵɫɟɧɤɨ, ȿ.ɂ. ɋɨɜɪɟɦɟɧɧɵɟ ɨɬɞɟɥɨɱɧɵɟ ɢ ɨɛɥɢɰɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚ-
ɥɵ / ȿ.ɂ. Ʌɵɫɟɧɤɨ, Ʌ.ȼ. Ʉɨɬɥɹɪɨɜɚ, Ƚ.Ⱥ. Ɍɤɚɱɟɧɤɨ, ɂ.ȼ. Ɍɪɢɳɟɧɤɨ, Ⱥ.ɇ. ɘɧ-
ɞɢɧ. // – ɍɱɟɛɧɨ-ɫɩɪɚɜɨɱɧɨɟ ɩɨɫɨɛɢɟ ɩɨɞ ɨɛɳɟɣ ɪɟɞɚɤɰɢɟɣ ɩɪɨɮ. Ⱥ.ɇ. ɘɧɞɢɧɚ  
ɂɡɞɚɬɟɥɶɫɬɜɨ «Ɏɟɧɢɤɫ», 2003. 
17. Ʉɪɚɜɰɨɜɚ, ȿ.Ⱦ. ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢɧɠɟɧɟɪ-
ɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ / ȿ.Ⱦ. Ʉɪɚɜɰɨɜɚ, ɗ.Ɇ. ɇɢɤɢɮɨɪɨɜɚ. – Ʉɪɚɫɧɨɹɪɫɤ: ɋɎɍ 
ɂɐɆɢɁ, 2007. – 163ɫ. 
18. Ʉɭɥɢɤɨɜ, Ȼ. ɉ. ɍɬɢɥɢɡɚɰɢɹ ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɨɬɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨ-
ɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɰɟɦɟɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ / Ȼ. ɉ. Ʉɭɥɢɤɨɜ, ȼ. ȼ. Ȼɚɪɢɧɨɜ, 
Ɇ. Ⱦ. ɇɢɤɨɥɚɟɜ // ɗɤɨɥɨɝɢɹ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ Ɋɨɫɫɢɢ. – 2010. № 5. – ɋ. 5-6. 
19. Ʌɟɨɧɬɶɟɜ, Ʌ. ɂ. ɉɟɪɟɪɚɛɨɬɤɚ ɢ ɭɬɢɥɢɡɚɰɢɹ ɬɟɯɧɨɝɟɧɧɵɯ ɨɬɯɨɞɨɜ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ / Ʌ. ɂ. Ʌɟɨɧɬɶɟɜ, ȼ. ɂ. ɉɨɧɨɦɚɪɟɜ // ɗɤɨɥɨɝɢɹ 
ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ Ɋɨɫɫɢɢ. – 2016. № 3. – ɋ. 24-27.Ʌɨɯɨɜɚ, ɇ. Ⱥ. ȼɥɢɹɧɢɟ ɲɥɚ-
ɦɨɜɨɝɨ ɨɬɯɨɞɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ ɝɥɢɧɨ-
110 
 
ɤɪɟɦɧɟɡɟɦɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ / ɇ. Ⱥ. Ʌɨɯɨɜɚ, ɂ. Ⱥ. Ɇɚɤɚɪɨɜɚ, Ⱥ. 
Ʌ. Ɇɚɤɚɪɨɜɚ // ɋɢɫɬɟɦɵ. Ɇɟɬɨɞɵ. Ɍɟɯɧɨɥɨɝɢɢ. – 2013. № 4(20). – ɋ. 109-113. 
20. Ɇɚɬɪɟɧɢɧ, ɋ. ȼ. Ɍɟɯɧɢɱɟɫɤɚɹ ɤɟɪɚɦɢɤɚ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɋ. ȼ. 
Ɇɚɬɪɟɧɢɧ, Ⱥ. ɂ. ɋɥɨɫɦɚɧ. – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ Ɍɉɍ, 2004. – 75 ɫ. 
21. Ɇɨɪɨɡ, ɂ. ɂ. Ɍɟɯɧɨɥɨɝɢɹ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / 
ɂ. ɂ, Ɇɨɪɨɡ. – Ʉɢɟɜ, 1972. – 416 ɫ. 
22. ɇɢɤɢɮɨɪɨɜɚ, ɗ. Ɇ. Ɇɢɧɟɪɚɥɢɡɚɬɨɪɵ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧ-
ɧɨɫɬɢ / ɗ. Ɇ. ɇɢɤɢɮɨɪɨɜɚ. – Ʉɪɚɫɧɨɹɪɫɤ : ȽɍɐɆɢɁ, 2004. – 108 ɫ. 
23. Ɉɫɧɨɜɢɧ, ȼ.ɇ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɢ ɢɡɞɟɥɢ-
ɹɦ. / ȼ.ɇ. Ɉɫɧɨɜɢɧ, Ʌ.ȼ. ɒɭɥɹɤɨɜ, Ⱦ.ɋ. Ⱦɭɛɹɝɨ. – Ɋɨɫɬɨɜ ɧ/Ⱦ: Ɏɟɧɢɤɫ, 2005. 443 
ɫ. 
24. ɉɚɬ. 2098499 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 C 22 B 7/00, C 25 C 
3/06. ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɲɥɚɦɚ ɝɚɡɨɨɱɢɫɬɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɪɜɢɱɧɨɝɨ ɚɥɸɦɢ-
ɧɢɹ / Ⱥ.Ƚ. Ⱥɧɲɢɰ, ȼ.ɂ. ɋɚɜɢɧɨɜ ; ɡɚɹɜɢɬɟɥɢ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɢ. – № 
95112779/02; ɡɚɹɜɥ. 25.07.1995; ɨɩɭɛɥ. 10.12.1997. – 3 ɫ. 
25.  ɉɚɬ. 2167210 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 C 22 B 7/00, C 01 F 
7/38. ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɪɨɞɢɫɬɨɝɨ ɲɥɚɦɚ, ɜɵɜɨɞɢɦɨɝɨ ɢɡ ɫɢɫɬɟɦɵ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɩɨɥɭɱɟɧɢɹ ɚɥɸɦɢɧɢɹ / ȼ.ȼ. Ȼɚɪɚɧɨɜɫɤɢɣ, Ⱥ.ȼ. Ȼɚɪɚɧɨɜɫɤɢɣ ȺɈɈ 
«ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɚɥɸɦɢɧɢɟɜɵɣ–ɦɢɝɧɢɟɜɵɣ ɢɧɫɬɢɬɭɬ»; ɡɚɹɜɢɬɟɥɢ ɢ ɩɚɬɟɧɬɨɨɛ-
ɥɚɞɚɬɟɥɢ. – № 99115190/02; ɡɚɹɜɥ. 13.07.1999; ɨɩɭɛɥ. 20.05.2001. – 3 ɫ. 
26. ɉɚɬ. 2393241 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 C 22 B 7/00 C 04 B 7/42. 
ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɧɚɬɪɢɣ–ɮɬɨɪ–ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɨɬɯɨ-
ɞɨɜ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ / Ȼ. ɉ. Ʉɭɥɢɤɨɜ, Ɇ. Ⱦ. ɇɢɤɨɥɚ-
ɟɜ, ɈɈɈ Ɍɨɪɝɨɜɵɣ ɞɨɦ «Ȼɚɣɤɚɥɶɫɤɢɣ ɚɥɸɦɢɧɢɣ»; ɡɚɹɜɢɬɟɥɢ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚ-
ɬɟɥɢ. – № 2009106409/02; ɡɚɹɜɥ. 24.02.2009; ɨɩɭɛɥ. 27.06.2010. – 9 ɫ. 
27. ɉɚɬ. 2412129 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ ɆɉɄ C 04 B 33/132 , ɋɵɪɶɟɜɚɹ 
ɫɦɟɫɶ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɨɛɥɢɰɨɜɨɱɧɨɣ ɩɥɢɬɤɢ / ɗ. Ɇ. ɇɢɤɢɮɨɪɨ-
ɜɚ, Ⱥ. ɂ. ɇɢɤɢɮɨɪɨɜ, Ɋ. Ƚ. ȿɪɨɦɚɫɨɜ ; ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪ-
ɫɬɜɟɧɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚ-
111 
 
ɧɢɹ «ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» – № 2009127913/03 ; ɡɚɹɜɥ. 
20.07.2009 ; ɨɩɭɛɥ. 20.02.2011 – 3ɫ. 
28. ɉɚɬ. 2199488 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 C 01 F 7/38, C 22 B 7/00, 
ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɷɥɟɤɬɪɨ-
ɥɢɡɟɪɨɜ / Ȼɚɪɚɧɨɜɫɤɢɣ ȼ.ȼ., Ȼɚɪɚɧɨɜɫɤɢɣ Ⱥ.ȼ., Ʌɚɧɤɢɧ ȼ. ɉ., Ʉɨɧɨɧɨɜ Ɇ. ɉ., 
Ʌɢɩɢɧɫɤɢɣ Ʌ. ɉ., Ȼɨɝɨɦɨɥɨɜ Ⱥ. ɇ., Ɍɟɫɥɹ ȼ. Ƚ.; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨ–ɨɛɥɚɞɚɬɟɥɶ 
Ɉɬɤɪɵɬɨɟ ɚɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ«ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɚɥɸɦɢɧɢɣ», Ⱥɤɰɢɨɧɟɪɧɨɟ 
ɨɛɳɟɬɫɜɨ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɚɥɸɦɢɧɢɟɜɨ–ɦɚɝɧɢɟɜɵɣ ɢɧɫɬɢɬɭɬ» – 
№ 2000130110/12 ; ɡɚɹɜɥ. 30.11.2000 ; ɨɩɭɛɥ. 27.02.2003 – 2ɫ. 
29. ɉɚɬ. 2171853 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7 C 22 B 7/00, C 01 F 7/38, 
ɋɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɭɝɨɥɶɧɨɣ ɮɭɬɟɪɨɜɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɷɥɟɤɬɪɨ-
ɥɢɡɟɪɨɜ / Ȼɚɪɚɧɨɜɫɤɢɣ ȼ. ȼ., Ȼɚɪɚɧɨɜɫɤɢɣ Ⱥ. ȼ., ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨ–
ɨɛɥɚɞɚɬɟɥɶ Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɬɫɜɨ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɚɥɸɦɢɧɢɟ-
ɜɨ–ɦɚɝɧɢɟɜɵɣ ɢɧɫɬɢɬɭɬ» – № 99109488/12 ; ɡɚɹɜɥ. 11.05.1999;ɨɩɭɛɥ. 10.08.2001 
– 2ɫ. 
30. ɉɟɬɥɢɧ, ɂ. ȼ. ɉɭɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɭɬɢɥɢɡɚɰɢɢ ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɨɬ-
ɯɨɞɨɜ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ / ɂ. ȼ. ɉɟɬɥɢɧ, Ɇ. ɋ. Ʌɟɫɧɢɤɨɜɚ // Ⱥɤɬɭ-
ɚɥɶɧɚɹ ɛɢɨɬɟɯɧɨɥɨɝɢɹ. – 2015. № 1(12). – ɋ. 43-46. 
31. Ɋɹɡɚɧɨɜ, ɋ. Ⱥ. Ɉ ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɪɚɛɨɬɤɟ ɚɥɸɦɢɧɢɟɜɵɯ ɲɥɚɤɨɜ / 
ɋ. Ⱥ. Ɋɹɡɚɧɨɜ // Ʌɢɬɟɣɳɢɤ Ɋɨɫɫɢɢ. – 2010. № 7. – ɋ. 43-45.  
32. Ɋɟɦɢɡɧɢɤɨɜɚ, ȼ. ɂ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚ-
ɦɢɤɢ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ. ɂ. Ɋɟɦɢɡɧɢɤɨɜɚ, Ɉ. ȼ. ɋɩɢɪɢɧɚ. – Ʉɚɡɚɧɶ: ɄȽȺɋɍ, 
2006. – 85 ɫ. 
33. Ɋɵɳɟɧɤɨ, Ɇ.ɂ. Ɍɟɪɦɨɫɬɨɣɤɢɟ ɦɚɥɨɭɫɚɞɨɱɧɵɟ ɢ ɦɨɪɨɡɨɫɬɨɣɤɢɟ ɤɟ-
ɪɚɦɢɱɟɫɤɢɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ.: Ⱥɜɬɨɪɟɮ. ɞɢɫɫ. ɞ–ɪɚ ɬɟɧɯ. ɧɚɭɤ. – ɏɚɪɶ-
ɤɨɜ. 1983. – 43 ɫ. 
34. ɋɟɦɟɧɨɜ, Ⱥ.Ⱥ. Ɍɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɢ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ / Ⱥ.Ⱥ. ɋɟɦɟɧɨɜ // ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ: 
ɟɠɟɦɟɫɹɱɧɵɣ ɧɚɭɱɧɨ – ɬɟɯɧɢɱɟɫɤɢɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɠɭɪɧɚɥ / Ɉɬɪɚɫɥɶ ɜ 
ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. – 2013. – № 2. – ɋ. 9 – 12. 
112 
 
35. ɋɨɥɨɞɤɢɣ, ɇ.Ɏ. ɋɵɪɶɟɜɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɩɭɬɢ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ / ɇ.Ɏ. ɋɨɥɨɞɤɢɣ, Ⱥ.ɋ. ɒɚɦɪɢɤɨɜ. // 
«ɋɬɟɤɥɨ ɢ ɤɟɪɚɦɢɤɚ», 2009, № 1. ɋ 22 – 24. 
36. ɋɬɚɧɟɜɢɱ, ȼ. Ɍ. ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɟɪɚɦɢɤɚ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ. Ɍ. 
ɋɬɚɧɟɜɢɱ. – ɉɚɜɥɨɞɚɪ: ɉȽɍ ɢɦ. ɋ. Ɍɨɪɚɣɝɵɪɨɜɚ, 2008. – 196 ɫ. 
37. ɏɚɪɭɤ, Ƚ. ɇ. ȼɥɢɹɧɢɟ ɨɬɯɨɞɨɜ ɰɜɟɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɤɟɪɚɦɢɤɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ / Ƚ. ɇ. ɏɚɪɭɤ, 
Ⱥ. ȿ. Ȼɭɪɭɱɟɧɤɨ // ɇɚɭɱɧɵɟ ɬɪɭɞɵ SWORLD. – 2012. № 3.  – ɋ. 85-88. 
38. ɗɜɚɢɫ, ɗ. Ɇ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɲɥɚɦɚ ɢ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɲɥɚɤɚ (ɨɤɚɥɢɧɵ) ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɥɢɧɨɡɟɦɢɫɬɨɝɨ ɰɟɦɟɧɬɚ / ɗ. Ɇ. ɗɜɚɢɫ, Ƀ. Ɇ. 
Ɂ. Ⱥɯɦɟɞ, ɇ. Ɇ. ɏɚɥɢɥ, Ɇ. ɋ. Ⱥɦɢɧ // Ɉɝɧɟɭɩɨɪɵ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɟɪɚɦɢɤɚ. – 
2010. № 10. – ɋ. 61-69 
39. ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ, ɈɈɈ "Ɋɭɫɚɥ" URL: 
http://sr.rusal.ru/environmental-protection/waste.php. – 2016. 
40. Alves, H. Structural study of mullite based ceramics derived from a mi-
ca-rich kaolin waste / H. Alves, R. Junior, L. Campos // Ceramics International. – 
2017. № 43. – P. 3919-3922. 
41. Boltakova N. V. Utilization of inorganic industrial wastes in producing 
construction ceramics / N. V. Boltakova, G. R. Faseeva, R. R. Kabirov // Waste Man-
agement. – 2017. № 60. – P. 230-246. 
42. Brown, I., Wu, J., Nelson, M., Bowden, M. & Kemmitt, T. (2010) Hy-
drogen Separation Membranes from Nanostructured Alumina Ceramics Pp 1-16 in 
“Nanostructured Materials and Systems”: Ceramic Transactions of the American Ce-
ramic Society, Volume 214, Eds Sanjay Mathur & Hao Shen, ISBN: 978-0-470-
88128-6, 168 pages, July 2010. 
43. Colonetti, E. Chemically-bonded phosphate ceramics obtained from 
aluminum anodizing waste for use as coatings / E. Colonetti, E. Kammer // Ceramics 
International. – 2014. № 40. – P. 14431–14438. 
44. El-Amir, Ahmed A.M. Nano-alumina powders/ceramics derived from 
aluminum foil waste at low temperature for various industrial applications / Ahmed 
113 
 
A. M. El-Amir, Emad M.M. Ewais, Ahmed R. Abdel-Aziem // Journal of Environ-
mental Management. – 2016. № 183. – P. 121-125. 
45. Herrmann H.J., R. Mahmoodi Baram, M. Wackenhut Polydisperse 
Packings, Brazilian Journal of Physics, vol. 33, no. 3, September, 2003,  591-593 p. 
46. Hua, K. Effects of AlF3 and MoO3 on properties of Mullite whisker re-
inforced porous ceramics fabricated from construction waste / K. Hua, X. Xi, K. 
Zhao // Ceramics International. – 2016. № 42. – P. 17179-17184.Liu, S. Sintering red 
mud based imitative ceramic bricks with CO2 emissions below zero / S. Liu, X. 
Guan, S. Zhang // Materials Letters. – 2017. № 191. – P. 222-224. 
47. Onutai, S. Aluminium hydroxide waste based geopolymer composed of 
fly ash for sustainable cement materials / S. Onutai, S. Jiemsirilers, P. Thavorniti // 
Construction and Building Materials. – 2015. № 101. – P. 298-308. 
48. Romero-Hermida, I. New method for carbon dioxide mineralization 
based on phosphogypsum and aluminium-rich industrial wastes resulting in valuable 
carbonated by-products / I. Romero-Hermida, A. Santos, R. Perez-Lopez // Journal of 
CO2 Utilization.– 2017. № 18. – P. 15-22. 
49. Picart D. et al // Powder and Grains 2001: Proceedings of the Fourth In-
ternational Conference on Micromechanics, ed. by Y. Kishino, Lisse, 2001, p. 15. 
50. Shepelev, I.I. Chemical–Technological Features Of Resources-Saving 
Processes At Utilization Of Solid Metallurgical Wastes / I.I. Shepelev, N.N. 
Bochkov, Golovnykh N.V.// Izvestiya Vysshikh Uchebnykh Zavedenii. Seriya 
Khimiya i Khimicheskaya Tekhnologiya. 2015, Vol. 58 Issue 1, p81-86. 6p. 
51. Shi F., CERAMIC MATERIALS – PROGRESS IN MODERN CE-
RAMICS / Feng Shi / Janeza Trdine 9, 51000 Rijeka, Croatia / – 2012 – 228 ɪ. 
52. Shefer H. E. Status report on bricks from fly ash, p. 195 – 201 Shefer H. 
E. Status report on bricks from fly ash, p. 195 – 201 
53. Takashi Itoh, Yoshimoto Wanibe, Hiroshi Sakao/ Relation between 
Packing Density and Particle Size Distribution in Random Packing Models of Pow-
ders // J.of the Institute of Metals.-2001.-Vol.50.-№8.-pp.740-746. 
114 
 
54. Torquato S. Random Heterogenious Materials: Microstructure and Mac-
roscopic Properties, Springer, New York, 2002, 820 p. 
 

